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Office of the Director, No. 20 Morrill Hall, 


REPORT OF THE DIRECTOR, 20's 


To the President of Cornell University : 


Sir.—I have the honor to transmit herewith my seventh 
annual report, with those of the treasurer, chemist, botanist, 
cryptogamic botanist, entomologist, agriculturist and the pro- 
fessor of dairy husbandry, together with a detailed statement of 
the receipts and expenditures for the fiscal year ending June 30, 


1894, and an appendix of 22 bulletins, published during the cal- 


endar year 184, containing 700 pages and a spray leaflet which 


has had a wide circulation. The titles and number of the bul- 


letins are as follows: 


No. 62. 
63: 
64. 
65. 


66. 
67. 
68. 
69. 
70. 
he 
72. 
73. 
74. 


75. 
76. 


The Japanese Plums in North America. 

Co-operative Test of Sugar Beets. 

On Certain Grass-Eating Insects. 

Tuberculosis in Relation to Animal Industry and Public 
Health. 

Test of Cream Separators. 

Some Recent Chinese Vegetables. 

The Cultivated Poplars. 

Hints on the Planting of Orchards. 

The Native Dwarf Cherries. 

Apricot Growing in Western New York. 

The Cultivation of Orchards. 

Leaf Curl and Plum Pockets. 

Impressions of the Peach Industry in Western New 
York. 

Peach Yellows. 

Some Grape Troubles of Western New York. 
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No. 77. The Grafting of Grapes. 

78. The Cabbage Root Maggot, with notes on the Onion 
Maggot and Allied Insects. 

79. Varieties and Leaf-Blight of the Strawberry. 

80. The Quince in Western New York. 

81. Black-Knot of Plums and Cherries, and Methods of 
Treatment. 

82. Experiments with Tuberculin on Nontuberculous Cows. 

83. A Plum Scale in Western New York. 


The past year has been most fruitful in valuable results and 
the appreciation of our work has been more marked than ever. 

The addition to the available funds has made it possible for 
the Station to cover a wide field in both applied and scientific 
agriculture. Notwithstanding the numerous publications many 
valuable results of the year’s work, perhaps the most valuable, 
are either in manuscript form or are unwritten, and I await the 
time when funds will permit publication. 

The usual Omnibus bulletin which served to record the results 
of the minor investigations of the year of all departments has 
been omitted since the year’s work has resulted in furnishing 
abundant material for all the monograph bulletins which could 
be published. 

A careful inspection of the 22 bulletins will reveal the activity 
of the various departments, the commendable character of the 
work and the great value to all classes of agriculture which these 
modest publications contain. 

Nearly all of the divisions of necessity desire that some chem- 
ical work be done which bears directly upon the particular prob- 
lem under investigation. This results in so overloading the 
Chemical Division that it is unable to carry on original research 
in its own field of operations to the extent desired. These con- 
ditions should be changed by employing a second assistant for a 
portion of the year. 


Report oF THE Director. ) 


It gives me great satisfaction to report that harmony, efficiency 
and enthusiasm prevail in all the divisions; the Station though 
divided into several distinct lines of research is working as a unit 
toward a common purpose, that of disseminating accurate and 
valuable information to all farmers so far as our funds will 
justify. Care is taken to tabulate and summarize the results 
arrived at inthe briefest possible form but so clearly that they 
may be easily understood and applied. 

The Director’s office has become, to some extent, a clearing- 
house, but as yet there is no official channel through which the 
numerous questions which reach the office can be answered. 
Fifty communications daily, during the winter, frequently reach 
the Director’s table. I trust that the time is not far distant when 
the information which many of these letters request may be 
furnished through a monthly bulletin. At present a few of these 
inquiries are answered through the agricultural press but most of 
them as personal letters, although the questions and replies may 
be of public interest. Spending so much effort in this direction 
results in little good compared with the time expended. 

I. P. ROBERTS, 
Director. 


Report of the Treasurer. 


Tae AgericuttoraAL Experiment Sration or Cornett University 
in Account wits THe Unirep States APPROPRIATION. 
Dr. 
1894. To receipts from Treasurer of the United 
States as per appropriation for year 
ending June 30, 1894, under act of 


Congress approved March ¥, 1887...... $15,000 00 
Cr. 
pune, oO: By salaries 0... 2... 2 oe a $9,625 O1 
By. buildings. 5... 2... 5 3-ee e 73 30 
By printing ©... is. ee ee 2,009 96 
By office expenses’ - /...:. ine.) 690 04 
By equipment, labor and current expenses: 
Agriculture .\)°o 225) sea be 372 49 
Horticulture: .\2.. hove econ ee 1,354 83 
Entomology: |... sce) o eae eee St aad ~ 808 51 
Botany. ..7:.$i090- 0 ae eee ee 426 11 
Chemistry ..))': 3.) eee 139 75 


$15,000 00 


Receipts for produce sold: 


Balance from 1892-93 ....-.......+<e- $847 18 
Horticultural division........... Bs — 468 83 
Agricultural division ................ 523 93 
$1,639 94 
By printing™ \.).2.. 9s) vee see $779 34 
By equipment, labor and current expenses: 
GLAD, ac 03/8 ss Ae oe ag 7 66 
Columbian Exposition ............... 11 50 
Balance to:1894-5..- 7.0. ena 5 eee 841 44 


$1,639 94 


ReEporT oF THE TREASURER. 11 


We, the undersigned, duly appointed auditors for the corpora- 
tion, do hereby certify that we have examined the books and 
accounts of the Experiment Station of Cornell University for the 
fiscal year ending June 30, 1894; that we have found the same 
well kept and correctly classified as above, and that the receipts 
from the Treasurer of the United States for the time named are 
shown to have been $15,000 and the corresponding disburse- 
ments $15,000, for all of which proper vouchers are on file, and 
have been by us examined and found correct. 

HENRY B. LORD, 
GEO. R. WILLIAMS, 
Auditing Committee Board of Trustees. 


I hereby certify that the foregoing statement of account to 
- which this is attached is a true copy from the books of account 
of the institution named. 
EMMONS L. WILLIAMS, 
Treasurer. 
STATE OF NEW eae nie 
County or TomPkINs. 

On this 31st day of January, 1895, appeared before me 
Emmons L. Williams, personally known to me to be the person 
whose signature is attached to the above certificate, and acknowl- 
- edged that he executed the same. 

Pos. | HORACE MACK, 
Notary Public. 


Division of Chemistry. 


I submit herewith the report of the analyses made in the 
chemical laboratory of the Experiment Station during the year 
1894. 


IGE i ayes vine ec schlp cle UR ase! opts Senne be ere en 147 
Sugar beets... 2.0.5. ose. ib sacs subs © se) sle een 49 
Manures and leechings..........2....022-40+++ ++ sn 10 
BOUS i.e ceeds na cee de ok wie eeeieee 2m cence er 7 
Commercial fertilizers...............J2.0 2) =e eee 3 
TSOGTOR og ek wes cong Wales one eieilelp Gn ne ae 1 
WOGGEPS .... o.oo sve ene a tea oe oo 1 
Grape juice, unfermented.:..........5:..:-- s+ 
Uther INETCASETS..... ... +: » s.r aw ede se see a. 
otal... o. 5 2. sc uk a 5 in 0 eet Reet ies ore one 223 
G. C. CALDWELL aa 
Chemist. 


Division of Botany. 


—————— 


Practically the botanical work of the Station has related wholly 
to the causes of the diseases of plants; this has been carried on ° 
by Professor Atkinson with marked energy and success, as is 
shown by the bulletins which he has prepared. While there are 
other botanical questions, the consideration of which would come 
well within the scope and purpose of the work of the Station, the 
one referred to above is still regarded of such paramount import- 
ance that it is deemed wise to devote the entire efforts and funds 
of this division to its study. A considerable number of letters of 
inquiry relating to general botanical subjects have, however, 
reached the division, to all of which I have given due considera- 


tion and have returned appropriate replies. 


A. N. PRENTISS, 
Botanist. 


Division of Cryptogamic Botany and Plant 
Pathology. 


I submit herewith the report of the division of cryptogamic 
botany and plant pathology of the Cornell University Agri- 
cultural Experiment Station for the year 1894. 

Since the last annual report an extended bulletin (No. 73) was 
prepared and published on “Leaf Curl and Plum Pockets.” 
These are deformities of the leaves, twigs and fruits of the genus 
prunus (plum, peach, cherry, etc.) produced by the parasitism of 
certain fungi belonging to the Hvoascaceae. The investigation - 
quite unexpectedly brought to light several undescribed species 
and several European ones not heretofore known to exist in the 
United States. So far as known the species are strictly obligate 
parasites and present the peculiarity, especially in the species 
possessing a perennial mycelium, of resisting, to a certain extent, — 
attempts to inoculate unaffected trees artificially by the sowing 
of the spores or by transplanting portions of the deformed tissue. 
So far as experience goes, it appears a difficult thing to do in 
such species. In these the mycelium lives dormant in the buds 
and affected trees during the winter ready to produce the char- 
acteristic deformities again the following spring. In some of 
these cases it is quite certain that the disease is transferred from 
affected stock to young or healthy trees by the process of 
budding. Ly proper precaution in selecting trees entirely free 
from the disease this common source of infection may be avoided. 
This close or inbred obligate parasitism of these species is prob- 
ably one reason for the evolution of so large a number of species 


found upon the different species of Prunus. 
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Material for a bulletin on “Damping Off” is nearly ready for 
press. It was intended to present this for publication nearly a 
year ago, but several important points in the development of 
some of the fungi and in the pathological relations of others 
arose in the investigation which prolonged the study until the 
present time. Though the study of some of the species is far 
from complete, it seems best to present the matter for publication 
now and not wait until the accumulated mass of observations 
shall be so great as to prevent altogether its publication. 

For several years material and observations have been accumu- 
lating for a profusely illustrated bulletin on the rusts of poma- 
ceous fruits. This may be ready for publication in the course of a 
year. For more than a year investigations have been in progress 
in the laboratory upon a number of entomogenous fungi. The 
question has been for a number of years and still is an open one 
concerning the practicability of the use by artificial inoculation 
of entomogenous fungi in the propagation and spread of diseases 
among certain insect enemies of cultivated plants. The present 
investigation deals chiefly with the artificial propagation of about 
20 species of insect inhabiting fungi. It includes a thorough 
study of the morphology and development of nearly all the 
species. In several cases preliminary inoculation experiments 
have been conducted, in some instances with success. The study 
has been instructive in the technique of manipulating artificial 
cultures with certain species, and several important phases in the 
development and polymorphy of some species have been induced. 
The work is fully illustrated and will be ready for publication in 
a few months. 

The group of fungi, known as anthracnoses, consists of a very 
large number of parasitic species. Many of these are responsible 
for quite serious and important troubles of fruit and other culti- 
vated plants. From time to time during the last five years 


studies by means of artificial cultures have been carried on in an 
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attempt to determine more accurately the life history and devel- 
opment of these imperfect forms. It is hoped, now the work is 
in such shape, that quite a thorough and comprehensive investi- 
gation upon these obscure forms can be undertaken so far as the 
material can be obtained. It is very desirable that opportunity 
be offered and means be provided for the successful conduct of 
this important study. The methods of technique employed for 
the cultivation and critical study of these forms has already 
resulted in showing relationship to some higher form in the cycle 
of development, and has also furnished differential characters 
of apparently closely related species heretofore not known to 
exist, and which will be of great aid in discriminating between 
forms that in the natural condition upon their hosts seem to show 
no real poivts of difference. 

For several months there has been in progress a study of cer- 
tain Cladosporiums, especially the Cladosporium fulvum on the 
tomato. Artificial cultures are secured from plants grown in 
the garden and in the forcing house. The purpose is to learn 
the course of development of the fungus and the possible varia- 
tions, if any, between the forcing house and open air forms, as 
well as some possibly more highly developed phase. 

Special investigations by artificial cultures of some Pyrenomy- 
cetes are now also on hand with a view to trace the development — 
and polymorphy by precise methods and to test the supposed 
relationship of certain pycnidial and conidial forms. 

Considerable time during the past year has been taken up with 
the determination of species of fungi submitted and with some 
correspondence relating to the same as well as in other routine 
work appertaining to the department. 

Some further additions have been made to the equipment of 
the department which tend to increase its efficiency. I feel that 
it is necessary to call attention again to the urgent need of a 
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competent assistant in the work of the department and in carry- 
ing on the investigations. With the increase of work and the 
other demands upon my time it will soon be impossible to con- 
tinue these important investigations without the aid of some 
assistant who can devote his entire time to this work. 

GEO. F. ATKINSON, . 


Cryptogamic Botanist and Plant Pathologist. 
3 


Division of Dairy Husbandry. 


I have the honor to present herewith a report of the work of 
the dairy division of the Agricultural Experiment Station for 
the year 1894. 

This division was practically formed July 1, 1894, by relieving 
me of the duties of deputy director and secretary of the Agricul- 
tural Experiment Station. This division feels very strongly the 
need of an experiment station assistant who shall devote his 
whole time to experimental work; it can hardly be expected to 
compare favorably with the work of the other divisions until 
such needed assistance is supplied. 

During the year a bulletin (No. 66) has been published on 
“Tests of Cream Separators.” The work for another, on “The 
Effect of Feeding Fat to Cows,” has been completed, and work is 
in progress for two or three more. We are continuing this 
winter the work begun last winter, on the efficiency of cream 
separators. An investigation is also being made regarding the 
effect of different foods on the hardness of butter fat, and consid- 
erable data is also being gathered in regard to utilizing some of 
the by-products of dairy manufacture, notably in saving most of 
the fat hitherto lost in the whey, in the form of merchantable 
butter of good quality. 

The daily and weekly records of the production of milk and 
fat by the University herd now extend over a space of three years 
and are being continued regularly. Before very long they will 
furnish valuable material for a bulletin on some of the peculiari- 
ties of milk secretion that are at present but little understood, 
beside showing the rate of improvement ina herd of cattle bred up 
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from common stock. The records of the past year show that the 
entire herd of 20 made an average production per cow of 7,470 
pounds of milk and 289.3 pounds of fat, equivalent to 361.6 
pounds of butter, containing 80 per cent. fat. 

During the year four tests of thoroughbred herds, of one week 
each, have been made. As the herds were under competition for 
a prize for the largest butter production, and as a record of the 
food consumed was made at the same time, data of considerable 
value has been obtained in regard to the production of butter fat 
by selected thoroughbred animals under high pressure of feed. 

HEE. WING, 
Assistant Professor of Animal Industry 
and Dairy Husbandry. 


Agricultural Division. 


I beg leave to submit herewith the following report of the 
agricultural division of the Cornell University Agricultural 
Experiment Station for the year 1894. The general plan of the 
work has been the same as that outlined in the report of the pre- 
vious year. Particular attention has been given to the feeding 
of various classes of domestic animals and the preservation of 
manures. An extended study has been made of the loss of plant 
food by leaching manure. 

The buildings recently erected by the agricultural department 
of the University for the use of the poultry department have 
greatly increased the facilities for experimental work in this line. 
The experiments in breeding and feeding for the qualey and 
quantity of egg production are well under way. © 

The experiments in raising winter lambs have been continued 
and are being conducted on a larger scale than ever before. The 
results of three years’ work in this line have been tabulated and 
prepared for the printer in bulletin form and are ready for publi- — 
cation whenever the necessary funds become available. 

Data and other material concerning the growth and composi- 
tion of sugar beets have been collected and prepared for a forth- 
coming bulletin. This material was largely obtained from prac- 
tical farmers throughout the State, who have entered into this 
co-operative test with a great deal of earnestness and have given 
to the Station valuable aid. Material is also at hand for a bul- 
letin on farm manures and fertilizers, giving particular attention 
to the production and preservation of available plant food on the 
farm. 
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Tests of various kinds of incubators have been made, the 
results of which will be offered for publication in the near future 
together with the results of several experiments in the feeding 
and management of poultry. 

GEORGE C. WATSON, 


Agriculturist. 


Horticultural Division. 


I submit herewith the report of the horticultural division of 
the Cornell University Agricultural Experiment Station for the 
year 1894. 

The year has marked a departure in the work of the horticul- 
tural division, in consequence of the passage of the Nixon or 
Experiment Station Extension bill. This bill originated with the 
fruit growers of western New York, who felt that there should 
be some means for closer communication between the people and — 
the Experiment Station. Three things seemed to be desired 
by the movers of this bill — the conducting of experiments 
on the premises of farmers by the Experiment Station, the 
privilege of asking persons connected with the Station to inspect 
their plantations in case new difficulties should arise, and the 
receiving of instruction by means of special lectures or itinerary 
schools. This work was put in my hands, and the report of its 
progress to date has been submitted to the Commissioner of ~ 
Agriculture. The horticulturists of western New York have 
seconded my efforts with much enthusiasm, and I hope that the 
results of the enterprise may be of value. The regular work of 
my division has proceeded as usual, and several investigations 
still remain unpublished for lack of funds. The critical system- 
atic study of garden plants, to which the division has devoted 
much of its energies in the past, is constantly receiving new 
impetus as the specimens and books accumulate. At the close of 
the year the garden herbariums contained 7,271 specimens. 

The bulletins published from my division during the year num- 


ber 14. 
L. H. BAILEY, 


Horticulturist. 


Entomological Division. 


I submit herewith the report of the entomological division of 
the Cornell University Agricultural Experiment Station for the 
year 1894. 

During the past year the work of the entomological division of 
the Experiment Station has consisted chiefly of the study of 
insects infesting garden crops. This work has been carried on 
almost entirely by the assistant entomologist, Mr. M. V. Slinger- 
land, to whom all credit is due for the results accomplished. 

The year has been marked by the serious outbreak of several 
insect pests. One of the most important of these that has occur- 
red in this State was the alarming increase in numbers of a scale 
insect, a species of Lecanium, infesting peach trees. This insect 
has been carefully studied and many experiments have been 
made in the destruction of it. A full account of this pest and of 
the best methods of combatting it have been published by the 
Station. 

Investigations of several other insects infesting fruit trees are 
in progress and will be reported upon in the near future. 

An exhaustive study has also been made of one of the most 
troublesome of insect enemies of garden vegetables, the cabbage 
root maggot; and the results of this study, together with notes 
on several allied insects, form the subject of a bulletin recently 
published by this division of the Station. 

Interest in the entomological work of the Station on the part 
of the agriculturists of the State continues to grow, as is shown 
by the large number of letters of inquiry regarding insect pests 
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that are received. These letters are answered with great care, 
but at times the labor of attending to this correspondence inter- 
feres with the investigations in progress. It seems probable that 
in the near future we shall be forced to answer letters of this 
kind, so far as is possible, with printed circuiar letters. 
J. H. COMSTOCK, 
Entomologist. 
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62. The Japanese Plums in North America. 


THE JAPANESE PLUMS IN NORTH AMERICA. 


In 1870, Mr. Hough, of Vacaville, California, secured several 
plum trees from Japan through Mr. Bridges, a United States Consul 
in that country, at a cost of ten dollars each. These trees soon 
passed into the hands of the late John Kelsey, of Berkeley, Cali- 
fornia, who obtained the first ripe fruit in 1876 or 1877. Mr. 
Kelsey became convinced of the value of the plum for general 
cultivation, and its propagation upon an extensive scale was begun 
in 1883 by W. P. Hammon & Co., of Oakland, who afterwards 
named it in memory of Mr. Kelsey, and who made large sales in 
the planting season of 1884. Subsequently, other parties, partic- 
ularly Luther Burbank, of Santa Rosa, California, made importa- 
tions of plum trees from Japan, and have disseminated the varieties 
widely. For the past four or five years, these plums have awakened 
more interest throughout the country than any other new or recent 
type of fruits ; and it has been found, contrary to the early opinion, 
that many of them are adapted to the northern States. While 
they are often inferior in quality to the best garden or Domestica* 
plums, they possess various desirable characteristics which the 
others do not, particularly great vigor and productiveness of tree, 
comparative freedom from disease, great beauty, and long-keeping 
qualities ; and the best of them compare well in quality with 
the common plums. 


*The term Domestica plums is used to distinguish the common cultivated 
plums, all of which have sprung from the European Prunus domestica, from 
the Native and Japanese types. 

The term Japanese plum is used only for these varieties of Prunus triflora 
now under consideration, and does not include the Bungo or Bongoume 
types, which are apricots and which will be treated in a future bulletin. The 
Apricot or Simon plum (Prunus Simonii) has been already discussed in 
Bulletin 51. The so-called Japan plum of the extreme south is the loquat, 
and is foreign to the purpose of this bulletin. 

The native plums and cherries are treated in detail in Bulletin 38. 
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For many years after the introduction of the Kelsey, there 
seems to have been little speculation as to the origin or botanical — 


THE JAPANESE PLUMs. 
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position of these oriental plums; but as the varieties increased 
and began to attract general attention, a demand arose for a 
knowledge of their genesis. A jplum found in the botanic gar- 


Winter buds of three species of Plums—Prunus domes- 
tica, P. triflora, and P. hortulana. 


dens at Calcutta 
about seventy 
years ago by 
Roxburgh, and 
by him named 
Prunus triflora, 
seemed the 
most likely par- 
ent; bu tives 
there were 
some _ difficul- 
ties in his char- 
acterization of 
the species, and 
as subsequent 
botanists have 
not found the 
wild form, and 
as Maximo- 
wicz, the most 
eminent botan- 
ist who has 
recently given 
careful  atten- 
tion to these 
oriental floras, 
does not idenify 
the cultivated 
plum flora of 


Japan with Roxburgh’s species, I accepted for a time a name pro- 
posed by Professor Kizo Tamari, of Tokio, Prunus Hattan, and 
published it as the best means of classifying our knowledge of these 
plums until the proper botanical name should be determined. In 
.1891, Professor Georgeson, of the Kansas Agricultural College, 
who had spent some years in Japan in a critical study of its pro- 
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ducts, definitely referred these plums to Prunus triflora of Rox- 
burgh, in an article in American Garden. It now remained to con- 
sult the dried botanical specimens which Roxburgh left of his spe- 
cies. The accompanying illustration shows the specimens in the 
Kew Herbarium, England, part of which appear to be from Rox- 
burgh himself ; and the others are from the Ava Hills of north- 
western India, probably from cultivated «plants, collected by N.C. 
Royle. Upon these specimens nearly all our knowledge of Prunus 
triflora seems to rest. I am not able to say which of the specimens 
in the illustration were collected by Roxburgh, but all are essentially 
alike, and I have no hesitation in saying that our cultivated Jap- 
anese plums are the same.* The types in cultivation vary much 


*The synonymy of these plums will therefore stand as follows: 
PRUNUS TRIFLORA, Roxburgh, Hort. Bengal. 38 (1814). 
P. trifolia, F\. Indica, ii. 501 (1824). 
P. Flattan, Tamari Mss ; Bailey, Annals Hort. 1889, 30, and Amer. Gard. 
xii. 74 (1891). 
Prunus Japonica, of horticulturists. 

The following is Roxburgh’s description of the species in his Flora of 
India, p. 501. In this work the plant is called Prunus trifolia, probably 
through inadvertence. 

‘‘Unarmed. Pedunclestern. Leaves oblong, very finely gland-serrate, 
smooth, in the bud equitant. Drupes cordate. 

“ Chin. Hong-sum-li. 

“This elegant very ramous bushy shrub has been received from China, 
into our gardens in Bengal, where it blossoms in February, immediately 
after which the luxurious foliage expands, and the fruit, which is about the 
size of the common plum, and nearly as palatable, ripens in May and June. 

‘“Trunk in our young cultivated trees, or rather shrubs, very short, soon 
dividing into numerous branches and branchlets in all directions from 
diverging to erect. Bark on all smooth. Leaves alternate, in the bud 
equitant, petioled, recurved, oblong, tapering equally at each end, very 
finely gland-serrate, considerably acuminate, smooth, from two to four inches 
long, and from one to two broad, in Bengal deciduous about the close of the 
year. Stipules from the base of the petioles, ensiform, gland-ciliate. Flow- 
ers very numerous, rather small and white, short peduncled, regularly three 
from each bud, and there are generally two of those buds in each of the old 
axills, with a leaf-bearing one in the center. Bractes, the scales of the bud, 
cordate, scariose, and nearly caducous. Calyx, segments five, oblong ; mar- 
gins glandular. Petals oval, short-clawed, the length of the peduncles. 
Filaments about thirty, shorter than the petals. Germ ovate, one celled, 
containing two ovula attached to the same side of the cell. Style the length 
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amongst themselves, but I have been unable to make more than 
one species out of them; and the variation is considerably less 
than in the families or groups of the Domestica plums, which 
botanists are pretty well agreed have descended from a single 
specific type. 

This plum is probably native to China. Roxburgh said that 
the species was introduced in Calcutta from China, and upon this 
assettion Hemsley admits it to his recent Flora of China, having 
‘only seen specimens cultivated in the Calcutta Botanic 
Garden.’’ ‘There is no record, so far as I know, of its occurrence 
in a native state in Japan. Professor Georgeson remarks that its 
cultivation is old in Japan and that its origin is uncertain ; and 
Professor Sargent, of Harvard University, who has recently made 
an exploration of the forests of Japan, was unable to find wild 
plants. Much of the interior and western portion of China is un- 
explored botanically, and it is not strange that the aboriginal 
type of this interesting fruit is yet undiscovered. According to 
Bretschneider* the plum was anciently cultivated in China, 
which indicates an indigenous origin. 

Maximowicz, Hemsley and other botanists seem to be confused 
with the resemblance of Prunus triflora to P. domestica,; and it 
has also been said by various pomologists that some of the plums 
recently imported from Japan are only varieties of the Domestica 
type. While botanical specimens of the two may strongly resem- 
ble one another, the species are nevertheless readily distinguished, 
even in winter; and I have not yet seen a plum of Japanese 
origin which can be referred to Prunus domestica. In fact, the 
Domestica plums seem to be little known in Japan. Professor 
Georgeson, writing upon this point, makes the following state- 
ments:} ‘‘The varieties of this species, which is our common 


of the stamina. Stigma large. Drupe cordate, with an obtuse rising at the 
apex, the size of the common plum, and of the same purple colour, covered 
with a similar bloom, grooved on one side.» Pulp in large quantity, of a pale 
reddish yellow. Seed single, conform to the nut. Integument single. 
Perisperm a thin covering on one side only. Embryo inverse. Cotyledons 
unequal, the small one doubled, and embraced by the larger, subequitant.”’ 

* Bretschneider, On the Study and Value of Chinese Botanical Works, 10, 


45. 
+ Amer. Gard. xii. 75. 


8 BULLETIN 62. 


plum,have been introduced in Japan, but are not generally known, 
if known at all, beyond the environments of foreign settlements, 
and those regions reached by the Kaitakushi in its attempts to 
introduce and naturalize foreign fruits. The Kaitakushi was the 
name of a department of the government (commonly translated 
Colonization Department), which, however, was abolished long 
ago. Its object was to colonize the northern island with Japanese, 
and to this end large numbers of fruits and other economic plants 
from the West were introduced, the climate there being some- 
what like that of central and northern Europe.’’ If the Domes- 
tica plums are little known in Japan, it may also be said that the 
Japanese plums appear to be wholly unknown in Europe,* unless 
possibly in Russia; and it is therefore not probable that any 
serious confusion of varieties has occurred between the two 
species. It is very important, then, that a complete record of 
this species should be made while yet it is confined to compara- 
tively isolated areas of the globe. 

Botanical position of the Japanese plums.—There is a striking 
difference in the winter characters of trees of Japanese and 
Domestica plums. ‘The Japanese varieties tend to make long and 
forking branches, with a light colored, rough, somewhat peach- 
like bark which is marked by numerous corky elevations, while 
the Domesticas are closer and more bushy growers, with a dull 
gray or purplish, tight, smooth bark. But the greatest differ- 
ences lie in the buds. ‘The engraving ( page 5 ) shows at No. 1a 
twig of the Coe’s Golden Drop,a Domestica plum ; this,in common 
with all varieties of the species, has single and pointed buds. 
The Japanese varieties usually have their buds in threes, as in 
the twig of Burbank (No. 2), or sometimes even in fours or fives, 
as in the shoot of Kerr (No. 3), and these buds are small and 
blunt. Three flowers commonly spring from each flower-bud of 
the Japanese varieties and it was this circumstance which led 
Roxburgh to call the species Prunus triflora or three-flowered 
plum ; while in the Domestica type the flowers are more common- 


* Naudin, for instance, in his admirable Manuel de l Acclimateur (1887) 
knows the species (which he calls, erroneously, Prunus Japonica) only from 
an account of the recent introductions into California contained in the 
Gardener's Chronicle. 
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* ly one or two from each bud. The buds are often aggregated 
upon short spurs in the Japanese varieties as seen in the drawing 


Ogon. 


upon page 4,and the flowers are then crowded 
into showy masses, as in the picture of Ogon 
herewith. Uponthe longershoots wherethe 
buds are but three ata joint, the clusters are 
less evident, as in the accompanying illustra- Kelsey. 
tion of Kelsey, yet their glomerate character is 
always more marked than in the Domesticas. Brief characters of 
separation may be drawn between Prunus domestica and P. triflora 
as follows: 
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Common PrLums (Prunus domestica).—Trees of moderate and 
more or less crooked growth, with not roughened gray or purp- 
lish and often pubescent young wood and single pointed buds and 
large, protruding leaf-scars; flowers usually one to two from a 
bud, large and opening wide, mostly long-stalked ; leaves mostly 
large, thick and heavy in texture and prominently netted and 
often pubescent below, dull above, varying from ovate to round- 
ovate to broadly obovate in outline, blunt or the point not pro- 
nounced, conspicuously obtusely toothed or sometimes almost 
jagged ; fruit globular or oblong or even oboval but not promi- 
nently pointed, with a large, flat, pointed and winged pit. 

JAPANESE PLuMS (Prunus triflora).—Trees of strong growth 
with widely spreading long forked branches which are light 
colored and marked with corky elevations, the young growth not 
pubescent, the buds three or more at the joint, and the leaf-scars 
often small; flowers mostly two to three from each bud, gener- 
ally rather small and short-stalked and sometimes not opening 
wide ; leaves firm but rather thin in feeling and not pubescent nor 
rough-netted below although the whitish veins are pronounced, 
very smooth and often somewhat shiny above, commonly long- 
obovate or sometimes nearly elliptic in outline and the point 
usually prominent, the edges marked with fine close serratures ; 
fruit globular or more often conical and with a deep depression 
at base and a very prominent suture, the flesh clinging to or free 
from the smooth or lightly pitted scarcely winged pit. 

But these Japanese plums are more nearly allied botanically to 
our native plums, particularly to the Wild Goose type, than they 
are to the Domestica class. This may be seen even in the twigs 
on page 5, of which No. 4 is the Wild Goose. And this simi- 
larity to our native species is really, to my mind, one of the 
strongest points in their favor, for it indicates that they will be 
likely to adapt themselves to a very wide range of our great 
country, inasmuch as we may fairly assume that similarity of at- 
tributes has been produced by similarity of environment. This 
conviction of their kinship with our native species and the know- 
ledge that they come from the eastern Asian region from which 
we draw so many of our adaptive plants, has led me to recom- 
mend them strongly for trial even in our more trying fruit regions ; 
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and recent reports indicate that some varieties bear so far 
north as Ottawa, Ontario, and in the trying winters of central 
Iowa ; and one, at least, of Professor Budd’s Russian plums is of 
this species. Several pomologists have been struck with this 
similarity of the Japanese and native types; and, strangely enough, 
Dr. A. B. Dennis of Cedar Rapids, Iowa, in endeavoring to ex- 
plain this relationship in a recent paper before his State Horticul- 
tural Society, by supposing a former land connection between 
northwestern America and Asia, has independently hit upon one 
of the important points in the coincident evolution of the Japanese 
and eastern American floras, the discussion of which, over thirty 
years ago, made Asa Gray famous. 

It may be well, in passing, to consider for a moment the possi- 
ble effect of this new class of plums upon the further development 
of our native species. J am sorry to hear from some of my friends 
who have given careful attention to the amelioration of the na- 
tives, that they shall now relax their efforts upon the native types 
and accept the Japanese sorts in their stead. Itis true that the 
Japanese plums are now better in fruit, for all that we can see, 
than the natives, but wecan depend upon it that they will develop 
weak points somewhere, even in comparison with the little im- 
proved natives ; and we should ftirther consider that all types of 
plums now in the country, or likely to come in, add variety and 
diversity to the foundation upon which our horticulture must 
build, and make it possible to develop fruits for every variety of 
country and use. And if the Japanese plum promises more for 
large areas of our country than the European or Domestica type 
because of its evolution in conditions somewhat like our own, 
certainly the native species must possess still greater promise. 
The native species are yet scarcely rescued from the woods, while 
the other two have been cultivated for centuries; but while the 
latter have sprung from a single species in their respective coun- 
tries, our native stock offers at least a half dozen species, and it 
is from them, without a doubt, that the greater part of the Ameri- 

_can plum industry will some day be found to have sprung. 

Nomenclature and classification of varieties.—There is much 
confusion in the nomenclature of the Japanese plums. [If the 
varieties imported from Japan have been named at all, they have 
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usually come as Botan or Botankio, Hattankio or Sumomo (gen- 
erally written Smomo) ; but these names refer to classes or groups 
of varieties, and the attempt in this country to apply them defi- 
nitely has resulted in confusion. It may also be said that the 
Satsuma or Blood class appears to comprise several varieties. The 
Sumomo class is characterized by small globular fruit, with a firm 
sweet flesh, ripening very early. The Botans or Botankios are 
larger and later round plums, while the Hattans or Hattankios 
are conical. The terms are applied loosely even in Japan, and it 
does not seem to be worth while to endeavor to retain them here, 
particularly as there appear to be all manner of gradations be- 
tween the types of the different groups. There has been some 
misconception of the application of these terms and it is often 
said that they refer to color rather than to shape. Upon this 
point, Professor Georgeson explains as follows :** 

‘‘Quite a number of the many other varieties [than the Sumo- 
mos] springing from this species are designated by two general 
names, a fact which is very confusing to a stranger when he begins 
to study them. ‘These names are botankio and hattankio, or bo- 
dankio and hadankio, for they are variously pronounced as regards 
the sound of dand ¢. These two names are common and are 
even occasionally heard in this country ; but itis a mistake to 
suppose that they apply to two and only two varieties. They are 
names of two ill-defined classes of plums, and are applied rather 
loosely to several varieties which differ in color and size and some- 
what alsoin shape. ‘The only distinction between the two classes 
that I have been able to establish is based on the shape. The 
round plums are designated by the term botankio, while those of 
an oval or pointed shape are called hattankio. A mistake often 
made by foreigners, and by some natives also, is to suppose that 
the distinction is based on color, though it is a fact that most of 
the botankios are red. ‘The name hattankio is also sometimes 
given to the almond, while botan is the name of the peony, and 
ha-botan means cabbage, and one of the many meanings of kio, 
or kiyo, is large, or great. If these objects had anything to do 
with the naming of the plums it seems probable that botan refer- 
red to the rounded shape and not to the color, since their peonies 


* Amer, Gard. xii. 74. 
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are found ina great variety of colors, and that hattankio referred 
to the resemblance in shape to the almond. But as already re- 
marked, these names are used very loosely, as it isan easy matter 
to find several evidently quite distinct varieties of each class for 
which both grower and dealer can give you no other name than 
‘botankio or hattankio, as the case may be. Sometimes, again 
these terms may have a prefix indicative of the color, or size, or 
-of the place where it is grown.” \ 

There are various colors in each of these classes of plums, from 
deep purple to light red, yellow and nearly white. The Hattan- 
kio class seems to be the commonest in this country, being repre- 

-sented by the Kelsey, Burbank, Satsuma, Abundance, Berckmans, 
Normand, Kerr. The accompanying illustration of the Shiro (er 
White) Hattankio, made in Japan under Professor Georgeson’s 

-supervision, represents the typical characters of the class, and 
affords at the same time an admirable botanical characterization 
of Prunus triflora. The Botans are represented here chiefly by 
Ogon and Willard ; while the Sumomos seem to be known only 
in the little cherry-like Berger, shown natural size upon the cover, 

-and which passes under a variety of names. The Japanese plums 
might be divided into two general groups upon the color of the 
flesh—the yellow-fleshed and the red-fleshed or Satsumas, but 
this classification would serve little purpose, although the Satsu- 
mas seem to be recognized as aclass by my Japanese correspondents. 

Professor Tamari, of Tokio, makes a somewhat different appli- 
cation of these terms, although he is less specific in explanation 
of them. If I understand him correctly,* he uses Smomo as a 
generic term for plum. ‘There are then three classes of plums, as 
follows : 

1. Hatankio. Habit and growth slender, the young branches 

straight and erect, leaves large and long and of light color ; fruit 
not sour but rather bitter when young,y freestone, never colored 
-in skin or flesh, but the skin becomes yellowish green and after- 
wards slightly tinted with purple-red. Kelsey plum is cited as an 

-example. 


*Proc. 16th meeting Ga. Hort. Soc. (1891), 45. 
+ It should be said that the Japanese use green fruits of plumsand apricots 
>for eating. 
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Botankio is a sub-group of this, characterized by round fruit. 

2. Beni-Smomo, or red-fleshed plums. Three names are 
chiefly used, evidently somewhat loosely, for varieties in this 
group: Honsmomo, Yonemomo, and Uchi-Beni. 

3. Smomo proper, comprising fruits ‘‘ either colored ornot in 
the skin, but never colored inside.”’ 

This classification is of little service so far as the varieties 
known in America are concerned, and it shows that we may as 
well discard entirely the loose group-names of the Japanese. The 
methods of cultivating fruits in Japan enforces the adoption of 
local and generic names, and there seems to be little attempt to 
apply specific names with the certainty and distinctness with 
which they are used here and in Europe. ‘‘Plum trees,’’ Pro- 
fessor Georgeson writes, ‘‘are rarely found planted in orchard 
form, as are the pears, for instance, but they are scattered here 
and there about the dwelling houses or in the gardens, wherever 
the situation may appear to be suitable. It is also exceptional to 
find trees that receive much care or training. The bearing 
branches are often broken off and carried away bodily. It is not 
uncommon during midsummer to meet a pedestrian with a plum 
branch loaded with green fruit, on his shoulder. It may be a 
present from a friend, or it may be intended for sale, but it shows 
at all events that the owner has no great regard for his tree.’’ 
In such conditions of cultivation it is not strange that no specific 
attention is given to names of the different forms. 

The earliest attempt made in this country to classify and 
describe the varieties of Japanese plums, was an excellent essay 
by L. A. Berckmans in the Proceedings of the Georgia Horticul- 
tural Society for 1889. ‘This essay, in modified form and with 
illustrations, appeared in American Agriculturist for January, 
1890. 

Characteristics of the Japanese plums.—About thirty varieties of 
Japanese plums are now named and more or less disseminated in 
this country, and others are known by numbers or indefinite 
appellations. Nearly all of the named sorts, if, in fact not all 
varieties, are direct importations from Japan ; but unnamed seed- 
lings are now coming to be known to experimenters and the time 
must be near at hand when a varied American progeny will come 
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into the market. Judging from Professor Georgeson’s account, 
there is still abundant material upon which to draw in the mother 
country, however: ‘‘ The wonder is rather that our enterprising 
nurserymen and plum-growers have apparently been content with 
these two or three varieties [many more have now appeared], and 
that they have not instead gone in search of more and perhaps 
hardier plums of the same kind; for it might reasonably be sup- 
posed that a country which could produce those we have would 
be likely to have others equally worthy of notice. Such, at any 
rate, is the fact. There are many varieties in Japan which are 
fully equal to the so-called Kelsey, Ogon and Botan, which are 
already known here. Let him who doubts this visit the fruit . 
stands in the Japanese portion of Yokohama during June and 
July. He will be gratified by the sight of a greater collection of 
varieties than can be found in any horticultural exhibit in this 
country. ‘Tokio is also well supplied with plums at this season, 
and so are other towns throughout the country; but the region 
about Yokohama and a little southward is especially noted for its 
plums.’’ These places are near the center of Japan, where the 
climate is mild; but Japan extends over some fifteen degrees of 
latitude and it is not strange, therefore, that varieties of various 
degrees of hardiness should be obtained from the empire. Un- 
fortunately, the Kelsey was the first Japanese plum to become 
known in this country, and as it is hardy only upon the Pacific 
coast and south of Virginia, it became a general impression 
that the species is not adapted to cultivation in the north. The 
varieties which are now known to be hardy in the plum regions 
of New York and Connecticut are Burbank, Abundance, Willard, 
Ogon, Satsuma, Berger, Chabot, and Yosebe; and most others 
give promise of hardiness. Dr. Dennis reports Burbank and 
Ogon to have borne at Cedar Rapids, Iowa, last season, after 
having experienced a temperature 26° below zero. Early bloom- 
ing will probably prove to be a more serious weakness of these 
plums than lack of hardiness; and this point is discussed farther 
on (p. 32). 

The season of these plums varies considerably. The earliest to 
mature in central New York is the little Berger, which ripens the 
middle of July. The earliest of what may be called the market 
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varieties, in this latitude, seems to be Willard, which colors suf- 
ficiently for market about the 15th of July in ordinary seasons, 
and which is fully ripe for eating .a week later. Ogon follows, 
coming in about the first of August, or sometimes late in July, or 
about ten days ahead of Wild Goose. Late in August or very 
early in September, the Abundance is ready. Just before the 
Abundance, a soft and handsome plum, which is either Berck- 
man’s or very close to it, has interested me upon the grounds of 
S. D. Willard, at Geneva, N. Y. Bradshaw, alongside the above 
varieties, ripens late in August, and Field is about a week earlier : 
and as these two varieties are the earliest well-known market 
plums of the Domestica type in New York, it will be seen that 
the Willard has a great commercial advantage. Burbank ripens 
here about the first week in September, or sometimes the second 
week. In central Louisiana, J. L. Normand gives the following 
as the common succession of varieties: Georgeson, ripening the 
first days in June or sometimes the last of May; Kerr, about 
twelve days later; Berckmans; Abundance ; Normand; Burbank; 
Chabot; Bailey, ripening earlyin July; Satsuma; Kelsey, two 
weeks later than the last. Kelsey is evidently the latest of all the 
Japanese plums yet known in this country. I have received 
specimens not fully ripe from Central Florida as late as the 20th 
of July, and it has been known to ripen in Georgia as late as the 
first of October. 

As a class, the Japanese plums are long keepers. Even when 
they are fully colored and grown and are fit to eat, some varieties 
will keep nearly two weeks, and most of them will keep a week; 
andsome, if not all of the varieties ripen up well if picked rather 
green, after the manner of a pear, although they may suffer in 
quality from such treatment. Willard, picked when beginning to 
color on the exposed side, I have kept nine days in good condi- 
tion in a warm room and with no attempt to preserve them ; 
Abundance picked August 24, when well colored, began to decay 
September 2; Burbank, partly colored and picked August 24th, 
were placed in a tight box in a warm room, and on September 
5th they were nearly allin perfect condition and had colored well, 
but were not even then fully ripe; a red plum, much like Berck- 
mans, kept from September 18th to October 1. J. H. Hale, of 
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Connecticut, reports keeping Satsuma two weeks in his office in 
good condition, and they were fairly ripe when picked. 

Varieties.—An attempt will now be made to describe the varie- 
ties of Japanese plums which are known in North America. ‘The 
nomenclature is so much confused and many of the varieties so 
imperfectly known, that I cannot hope to have arrived at just 
conclusions in regard to the proper names and descriptions of all 
of them; but the attempt will serve to classify and fix our know- 
ledge of the varieties and I hope that it will lead others to make 
a more prolonged study of them. It is particularly difficult to 
determine which is the proper type of any variety in those cases 
in which two or three fruits pass under the same name, and I 
presume that some of the following names may be found to be 
wrongly applied. On the other hand, it is very probable that 
some of the varieties which are here kept distinct may prove to 
be identical. Some of the varieties I know only from printed 
descriptions, but I have added them for the purpose of making 
the monograph complete. Many growers have given me great 
aid in the preparation of this descriptive list, amongst whom I 
should mention P. J. Berckmans, of Augusta, Georgia, and S. D. 
Willard, Geneva, N. Y., without whose cooperation I could 
scarcely have attempted this essay. 

It has seemed best to discard entirely the Japanese class-names, 
as Botan, Botankio, Hattankio, Sumomo and the like, as they only 
lead to confusion. I have therefore renamed some of the varie- 
ties which are passing under indefinite names or numbers. The 
introduction of the name Abundance for the plum first known as 
Yellow-Fleshed Botan has been severely criticized in some quar- 
ters, but I have always felt that the renaming was not only justi- 
fiable but essential to lucid nomenclature. If the other Japanese 
generic names had been supplanted several years ago, much of 
the present confusion would have been avoided. 

In rating the size of the varieties, Kelsey, of course, must stand 
10; and in comparison with this standard even 7 or 8 represents a 
large plum. 

It does not seem to be necessary to adopt any classification of 
these plums, and I have therefore listed them alphabetically. The 
most serviceable classification would be one founded upon color of 
skin and flesh. ‘The varieties might be arranged as follows : 
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A. Yellow-skinned plums: 


Georgeson, Kerr, 
Normand, Ogon. 


B. Red-skinned plums: 
1. Yellow flesh. 


Abundance, Babcock, 
Berckmans, Bailey, 
Burbank, Berger, 
Kelsey , Chabot, 
Long Fruit, Maru, 
Munson, Orient, 
Perfection, Red Nagate, 
Strawberry, Willard, 
Yosebe. 

2. hed jfiesh. 
Delaware, Hale, 
Heikes, Late Blood, 
Satsuma, Uchi-Beni. 


1. Abundance (Yellow-Fleshed Botan).—Medium in size (or 
large when thinned) varying from nearly spherical to distinctly 
sharp-pointed, the point often oblique ; ground color rich yellow 
overlaid on the sunny side with dots and splashes of red, or in 
some specimens nearly uniformly blush-red on the exposed side ; 
flesh deep yellow, juicy and sweet, of good quality when well 
‘ripened, cling. A strong-growing upright tree with rather nar- 
row leaves, and a decided tendency to overbear. ‘This is the best 
known of all Japanese plums in the north, and its popularity is 
deserved. Ripe here in early September or late August ; in east- 
ern middle Georgia late in June. 

- Imported by Luther Burbank in 1884. Named Abundance and 
put upon the general market by J. T. Lovett, in 1888. The illus- 
tration (Plate I) shows average Abundance as grown in New 
York, without thinning, three-fourths natural size. I have seen 
the fruit nearly twice as large from trees which were thinned. 
The fruit is apt to rot badly in wet seasons, unless well thinned. 

2. Babcock (Botankio. Botan, of some).—Medium to large 
(1%-1% in. diam.), round, conical, skin yellow overlaid with 
purplish red, rather thick ; flesh, deep orange and solid, a little 
coarse, sweet, of good flavor and quality, cling; rather late, 
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ripening about with the Burbank, or about a week earlier than 
Chabot in the south. 

Imported in 1885 by Luther Burbank. Now named for Col. E. 
F. Babcock, a well-known nurseryman of Little Rock, Arkansas, 
and among the first to grow and recommend the variety. 

3. Bailey.—tLarge, nearly globular, with only a slight tendency 
to become conical; ground color rich orange, overspread with light 
and bright cherry-red, and showing many minute orange dots; 
flesh thick and melting, yellow, of excellent quality, cling. Tree 
strong and upright, productive. Closely related to Burbank, but 
rounder and mostly larger, and a week or more later. 

Imported by J. L. Normand, Marksville, Louisiana, and by 
him named and introduced in 1891. Figured in American Gar- 
dening, xiii. (1892), p. 700. There appears to be another Bailey 
plum of the Domestica type. I know it only from a plate made 
by Dewey of Rochester and which declares that it ‘‘ has not failed 
to bear for twenty-five successive years.’’ The Rochester Litho- 
graphing Co., successors to Dewey, write me that this plate was 
in Dewey’s stock before 1886, but that they know nothing further 
about it. : 

4. Berckmans (True Sweet Botan. Sweet Botan. White-Fleshed 
Botan. Botan, of some).—Medium (or slightly above if thinned), 
broadly and obtusely conical and somewhat angular in cross- 
section ; deep blood red if ripened in the sun; flesh very sweet, 
moderately juicy, excellent in quality, cling or semi-cling ; ripens 
with Abundance or just ahead of it. One of the best. 

Introduced by Luther Burbank in 1887, from imported stock. 
The variety does not appear to be a true Botan, and its nomen- 
clature is so confused and indefinite that I have renamed it for 
Mr. Berckmans, who has done much to popularize it. I am not 
sure if the true variety has been fruited in the north, but forms 
which are evidently the same bear well in New York. The illus- 
tration in Plate II is made from specimens received from Mr. 
Berckmans. 

5. Berger.—Fruit very small and globular, bright uniform 
red, with a firm, meaty and sweet yellow flesh and a very small 
free stone, ripening as early as the middle of July in some parts 
of New York and Connecticut. 
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The picture shown here and upon the title-page is natural size. 
The fruit is very distinct in appearance and cannot be mistaken 
for any other Japanese plum which I have seen. Mr. Berckmans 
sends it to me without a name, saying that it came from H. H. 
Berger & Co., of San Francisco, as Red Nagate. N. S. Platt 
sends it from 
Connecticut as 
Satsuma, the 
name under 
which it was re- 
ceived from Ber- 
ger. It comes 
from the south 
(also originally 

== from Berger) as 
Shiro Smomo. I 
Berger. Full size. also have it from 
Western New York, unnamed. T. V. Munson, Texas, sends speci- 
mens which he calls the Berger, and I have adopted his name, 
although Ido not know if hehas published it. He writes as follows 
of it: ‘‘ The Berger plum is an upright, cherry-like tree. It bearsa 
purple fruit about the size of the Black Tartarian cherry, with 
meaty flesh, nearly free stone which is as small as the pit of the 
common Black Morello cherry and much the same shape.”’ Mr. 
Berckmans says that the ‘‘tree is very vigorous and distinct in 
growth, but ashy bearer. The fruit is too small to be worthy of 
being retained.’’ What I have seen of this fruit, however, leads 
me to believe that it may bea useful sort for the home garden 
because of its earliness, daintiness and pleasing flavor. Professor 
Georgeson, to whom I have submitted specimens, pronounces it 
a Sumomo. 

Blood: see Satsuma. 

Botan : see Abundance, Babcock, Berckmans, and Willard. There 
are evidently other plums in the country passing as Botans which 
are little known and which have not received distinctive names. 

Botankio: see Babcock. 

6. Burbank.—Medium, to rather large upon thinned trees, 
roundish conical in form, the point generally blunt ; ground color 
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orange-yellow, mostly rather thinly overlaid with red and show- 
ing many yellow dots, often more or less marbled, in the sun be- 
coming rather dense red; flesh firm and meaty, yellow, rich and 
sugary, cling. Strongly resembles Abundance both in fruit and 
tree, but the fruit averages larger and of better quality, rather 
handsomer in its varied markings, and is from two to four weeks 
later. Hxceedingly productive. One of the best of the Japans. 

Imported by Luther Burbank, Santa Rosa, California, late in 
1885, and named for him by H. KE. Van Deman. See Rept. Dept. 
Agr. 1891, p. 392, where it is also given a good colored plate. 
Generally introduced in 1890. The accompanying illustration 
shows the prevailing form of the Burbank, half-size. 

7. Burbank No. r.—Said to resemble Berckmans. I do not 
know it. 


Burbank. Half size. 

8. Burbank No. 2.—Described as of medium size, regular and 
globular in shape, yellow overspread with purplish carmine, with 
a yellow very juicy flesh which is fine-grained and of good qual- 
ity ; pit nearly free. Very early. This variety is not reported 
in any recent tests. 

Burbank No. 3: see Hale. 

Burbank No. 4: see Hezkes. 

9. Chabot.—Medium to large,oblong-conical ; pink-red in color 
with many very fine gold dots ; flesh yellow and juicy, rather acid, 
of good quality,cling; medium to late in season ; very productive. 

Ripe in this latitude early in September. 

Imported from Japan by Mr. Chabot, of Berkeley, California, 
but introduced to the trade by Luther Burbank in 1886. ‘‘ Espec- 
ially valuable for drying.’’—Aurbank. 

10. Delaware.—Roundish conical, medium in size, purplish 
bronze in color with a white bloom ; flesh wine-color, juicy, com- 
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bining many flavors. Trees semi-dwarf, very productive. Cata- 
logued amongst Luther Burbank’s novelties, 1893. Said to bea 
cross of Satsuma and Kelsey. 

11. Hngre.—Said to be a small round, red fruit, ripening 
early. ‘Tree very vigorous. Little known. 

12. Georgeson (Hattonkin No. 1).—Medium or above in size, 
oblong and more or less conical, clear golden yellow and some- 
what translucent in texture, with a good yellow flesh, cling ; very 
early, probably the earliest of the yellow varieties. 

Imported by H. H. Berger & Co., of San Francisco,and brought 
to notice chiefly by J. L. Normand, Marksville, La. It is closely 
allied to Kerr, but averages somewhat larger, is a week or two 
weeks earlier,is less pointed, and the tree is apparently less produc- 
tive. Now named for Professor C. C. Georgeson, Manhattan, 
Kansas, who has published critical studies of Japanese fruits. 

13. Hale (Burbank No. 3).— Medium in size, globular or 
slightly flattened, scarcely if at all pointed, rather light bright 
uniform red; flesh red, firm and sweet, tightly clinging to the pit. 

Imported by Luther Burbank in 1885, together with Heikes, 
which see. Mr. Burbank writes me that he disposed of this 
and No. 4 after they had fruited in the nursery row, and that he 
now has no knowledge of them. As they have passed entirely 
out of his hands, I take the liberty to give them names. Both 
are very much like Satsuma, but are a few days later and appear 
to bloom earlier; and they are also less pointed, and somewhat 
different in leaf. Named for J. H. Hale, a well-known nursery- 
man and fruit grower of Connecticut and Georgia. 

Hattankio: see Kerr and Munson. 

Hattonkin No. 1: see Georgeson. 

Hattonkin No. 2: see Kerr. 

14. Hetkes (Burbank No. 4).—Much like Hale, but rather 
more flattened on the ends or oblate, mostly darker in color, the 
flesh acid. 

Named for W. F. Heikes, of the Huntsville Nurseries, Hunts- 
ville, Ala. See remarks under Hale, above. 

Hytan-Kayo: see JZunson. 

1s. Hoyo Smomo.—A name used by J. L. Normand, Louisi- 
ana. I do not know the fruit. 
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16. Kelsey.—Very large ( 2-3 in. diam.) and long-pointed, 
tapering gradually from a heart-shaped base, usually somewhat 
lop-sided, with a deep furrow-like suture ; color bright red-purple 


Kelsey. Three-fourths natural size. 

on a yellow ground, more or less marked with dots, very showy; 
flesh light yellow and rather firm, rich and pleasant in flavor, free 
or only slightly clinging to the small stone, more or less hollow. 

The first Japanese plum introduced into this country (see page 
3), but it did not attract much attention outside of California 
until about ten years ago. It was figured by Mr. Van Deman in 
Dept. of Agr. Rept. for 1886, plate X, and again (colored) in 
Report for 1887, plate I; also in Wickson’s California Fruits, p. 
351. Its behavior is not uniform in different years. F. M. Ram- 
sey, of Lampasas, Texas, writes me that in 1888, his Kelsey 
ripened in September, in 1889 in July, andin 1890in June. L,. 
A. Berckmans, Georgia, says* that in 1887 the Kelsey did not 
mature until October 1st; in 1889 it ripened in July; in.18g0 it 
‘‘began to ripen the latter part of July and continued for eight 
weeks,’’ and on October 1st perfectly green specimens were on the 
trees. I shall expect to learn that under some conditions the tree 


* Proc. 14th meeting, Ga. Hort. Soc. (1889) 52. 


PLATE I. Abundance, grown in New York. 


angers 


Willard and Berckmans ( Sweet Botan) Plums, 


PLATE II 
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has a more or less prolonged or continuous habit of bloom. In 
California the tree is said to be nearly evergreen. The reports as 
to its hardiness are equally conflicting. I have not yet had good 
proof that the Kelsey has fruited north of North Carolina. J. 
Van Lindley says* that last year in North Carolina his Kelsey 
trees ‘‘were loaded with fruit, large and fine, quality of the very 
best.’’ It ripened from the first to the last of August. ‘The 
Kelsey,’’ he continues, ‘“‘stands at the head for canning and pre- 
serving, and sells in any market at fancy prices, but it comes into 
competition with other fruits grown north.’’ Kelsey has been 
killed by cold in northern Texas; on the other hand, the trees 
are said to have come through the winter with little injury in 
Iowa. My first experience with the Kelsey was at Lansing, 
Michigan, where the trees killed to the snow line the first winter. 
Professor Tamari, of Tokio, says that the variety is too tender 
for the northern plum sections of Japan. Mr.H. E. VanDeman, 
formerly pomologist of the Department of Agriculture, wrote me 
upon the hardiness of Kelsey, in 1892, as follows: ‘‘My present 
opinion is that it is about as hardy as the fig. All reliable 
information that has come to this office up to this date is to the 
effect that it is not suitable to the northern states because of its 
tenderness. J know from personal observation that between here 
{ Washington] and Baltimore trees have been seriously injured by 
winter-killing. Occasionally I have heard of Kelsey plum trees 
withstanding severe cold, but in every case yet followed up, it has 
been found that the trees were not correctly named.’ I am 
inclined to think, however, that the Kelsey will sometimes endure 
a New York winter if the wood has been well ripened; but I 
doubt if it will ever bear in this State. 

The accompanying engraving of Kelsey, three-fourths natural 
size, is made from specimens received from Florida. 

17. Kerr (Hattonkin No. 2. Hattonkin of Berckmans and 
others).—Medium to large, generally very strongly conical with 
a deep suture ; color orange-yellow, with a creamy bloom ; flesh 
juicy and sweet, good in quality, cling ; early. 

An excellent variety, but not tested in the north. It varies 
considerably in shape, even on the same tree, occasional speci- 


*Thirteeth Rep. N. Car. Hort. Soc. (1893) 20. 
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mens occurring without the point. Mr. Berckmans writes me 
that in 1890 the round form seemed to predominate, while in 1892 
the pointed or normal form alone was produced. Imported from 
Japan by Frost & Burgess, Riverside, California. Now named 
for J. W. Kerr, of Denton, Maryland, one of the most intelligent 
plum growers of the central states. 


Kerr. Half size. 


18. Late Blood.—Small, round, dark purple, with red flesh, 
clingstone, fair in quality, late. 

Imported by Luther Burbank in 1888. 

19. Long Frutt.—Very small, roundish in shape, red, early 
and said to be a shy bearer. Imported by Luther Burbank in 
1885, but very little known. : 

20. Maru (Masu. Massu).—Medium size, round or somewhat 
flattened ; orange-red or vermillion ; flesh yellow, of fair quality, 
free or nearly so; ripens with Berckmans. 

Imported by Luther Burbank in 1885. Commonly called 
Masu, but erroneously. Maru means vound. ‘‘Coarse and acid 
with hard lumps, but good canned—about equal to Lombard. 
Hardier in bud than any other Japanese plum tested here. Bore 
in 1891 when Abundance and all other Japs., as well as Kieffer 
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pears, were killed in the bud.’’—C. 17. Stark, Louisiana, Mo. 
Berckmans says that it is sometimes pointed. 

21. Munson (Hattankio, of Munson, at least in part. Hytan- 
Kayo of Whitaker, probably).—A large broad-conical fruit,’ 
purple or purple-red, with a yellow flesh of excellent quality ; 
freestone or nearly so ; medium early and prolific. 

J. T. Whitaker, of Tyler, Texas, introduced his Hytan-Kayo 
in 1886. ‘There seems to be a mixture in this purple Hattankio, 
for our fruit this year (trees from Munson) was yellow. This 
is not strange, however, when one considers the utter confusion 
in which the Japanese plums, and especially the Hattans, have 
lain. I know of only one purple variety, however, which is com- 
monly called a Hattan or Hattankio, and this is the one which I 
have here named for Mr. Munson. The Rochester Lithograph- 
ing Co. has a plate of this plum. 

22. Normand (Normand Yellow. Normand’s Japan).—Medium 
to large, obtusely 
conical with a heart- 
like base and short 
stem; color clear 
golden yellow; flesh 
firm and meaty, 
yellow, of high 
quality, free from 
the small pit. Very 
= prolific, and ripens 
= aes “just after Berck- 

Normand. One-third size. mans and Abund- 
ance. Allied to Georgeson and Kerr, but later, and less conical 
than the latter. 

Imported by J. L. Normand, Marksville, La., and by him dis- 
seminated under the name of Normand’s Japan in 1891. The 
cut is from specimens grown by Mr. Normand. 

23. Ogon (Ogan).—Fruits medium in size, flattened at the 
ends or tomato-shaped, not at all conical, the suture prominent ; 
color clear lemon yellow with a light creamy bloom giving the 
fruit a whitish appearance; flesh thick and very meaty, not juicy, 
firm and keeping long, of second or third quality, entirely free 
from the stone. ‘Tree only moderately productive, or in some’ 
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An early yellow freestone plum. 


4 


Full st 


Ogon. 


regions even shy. Early, 
ripening in New York 
from late July to the 
middle of August. Ex- 
cellent for canning. 

Imported by) alae 
Berger & Co., San Fran- 
cisco. One of the best 
known varieties. The 
illustration shows good 
specimens natural size. 

24. Orient. — Large, 
broadly conical ; red, very 
highly colored ; flesh yel- 
low, of high quality. 
Ripens soon after Bur- 
bank. Introduced in 
the fall of 1893 by Stark 
Bros., Louisiana, Mo. 
Figured in American 
Gardening xiv. (1893), 
Pp. 363: 

25. Perfection,—Fruit 
rather large, oblong-con- 
ical, bright carmine with 
white bloom; flesh fine, 
firm and sugary, excel- 
lent; pit very small; 
good keeper and very 
productive. One of 
Luther Burbank’s novel- 
ties,'93. Said to be cross 
of Kelsey with Burbank. 

Red June: see Red 
Nagate. 

26. Red Nagate (Red 
June. Shiro-Smomo, of 
some).—Fruits medium, 
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prominently elongated and conical with a well marked suture; 
color deep red-purple, nearly uniformly distributed; flesh very 
firm and meaty, yellow, of good quality, cling; very early, ripen- 
ing with Ogon, and extremely productive, handsome and 
good. 

Imported by H. H. Berger & Co., San Francisco. Stark Bros., 
Missouri, say that this is the most valuable early Japanese plum 
they know, being comparatively free from rot and much earlier 
than Abundance. The nomenclature of the variety here de- 
scribed is much confused. H. H. Berger & Co., write me that 
the true Japanese Red Nagate has red flesh, which this has not. 
This is the variety to which the name Shiro Smomo is oftenest 
applied, but it is neither a Sumomo plum nor is it white (Shiro 
means whzte), thus affording a curious instance of the utter con- 
fusion of the American application of the names of the Japanese 
plums. Professor Georgeson tells me that the Shiro Sumomo of 
the Japanese is a small white early plum with yellow flesh, some- 
what cling and of medium season. I do not know if it occurs in 
this country; and it is probably not worth while to endeavor to 
fit the name to any variety. The Ogon is probably the nearest to 
it of any variety in this list. 

27. Satsuma (Blood. Yonemomo).—Size medium to rather 
large, broadly conical with a blunt, short point, suture very deep; 
color very dark and dull red all over, with greenish dots and an 
under-color of brown-red ; flesh blood-red, rather coarse and acid, 
fair to good in quality, tightly clinging to the pit; midseason, 
productive. 

Imported by Luther Burbank in 1886. Figured in Pomol- 
ogist’s Report, Rept. Dept. Agr. 1887, Plate I (colored), and 
also in Wickson’s California Fruits, 351, the latter copied from 
the former. I have never seen a Satsuma with such a small pit 
as represented in these cuts, nor of the same shape. The fruit 
appears to be uniform in shape and markings, and varies little 
from that shown, nearly natural size, in the engraving on page 30. 
The Satsuma is hardy in the northern states. Stark Bros., Lou- 
isiana, Mo., write that it blooms too early with them and is not 
so hardy. as some others. ‘This belongs to the Beni-Smomo gromp 
of the Japanese, which is characterized by red flesh. One of 
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these plums is known in Japan as Yonemomo, and Mr. Berck- 
mans has used the name for this variety ; but there is no proof 
that this particular Satsuma is the Yonemomo of Japan. 

Shiro Smomo: see Red Nagate and Berger. 

28. Shipper.—Fruit oval, light red with a white bloom ; flesh 
very firm (red?), sweet and juicy; long keeper. ‘Tree sturdy, 
but a moderate grower. Described with Burbank’s Novelties, 
1893. Seedling of Satsuma. 

29. Strawberry.—‘‘ Small, round-oblate, red-purple, with a 
firm, yellow flesh, cling, very early, moderately productive. 
Earliest sort fruited here,—ripe with the last of the strawberries.”’ 
C. M. Stark, Louisiana, Mo. 

There is another and older Strawberry plum, one of the Chick- 
asaws (see p. 31, Bull. 38). 

Sweet Botan: see Berckmans. 

True Sweet Botan: see Berckmans. 

30. Uchi-Bent (Ura-Beni. Honsmomo).—Medium in size, 
heart-shaped and somewhat pointed, bright carmine-red; flesh 
red and fine-grained, somewhat acid, rather poor in quality, cling; 
rather early. 

Little known. Uchi-Beni means zuszde red. 

White-Fleshed Botan: see Bervckmans. 

31. Willard (Botan No. 26).—Medium in size, spherical in 
general outline but prominently cornered or angled, never pointed, 
the sinus very slight but stem cavity deep ; color dark clear red 
with many minute yellow dots; flesh rather firm, yellow, sweet 
and of fair quality; freestone. A strong vigorous and hardy tree, 
productive, and the earliest market Japan plum yet tested in the 
north, ripening in central New York late in July. In appearance 
the fruit is remarkably like some of the improved types of Prunus 
Americana. Fruits ripened upon the tree are of pretty good 
quality, but some which I ripened in-doors were poor. 

Cions procured from California six or seven years ago by 5S. D. 
Willard, Geneva, N. Y., and named for him by W. F. Heikes in 
Practical Nurseryman, June, 1893. It was probably imported 
from Japan, but the history of it islost. The illustration in Plate 
II shows average specimens, full size. 

Yellow-Fleshed Botan: see Abundance . 
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32. Yellow Japan.—This name occasionally appears, but I do 
not know the fruit. Burbank and another red plum have been 
sold under this name. 

33. Yellow Nagate.—Unknown to me. 

Yonemomo: see Satsuma. 

34. Yosebe (Yosobe).—Small, conical, with a distinct suture, 
reddish purple in color, the yellow flesh soft and good; pit free 
or very nearly so; very early, ripening before the Ogon. Tree 
rather dwarf, with leaves comparatively small and rugose and 
very prominently serrate, yellowish green in color, and condupli- 
cate or trough-shaped as they hang uponthe tree. Twigs reddish. 

Imported by H. H. Berger & Co. Too small to be very valu- 
able, unless for its earliness. 

Luther Burbank catalogues amongst his novelties of 1893, an 
unnamed purple-leaved seedling of Kelsey; Golden, said to be a 
cross of Robinson (Chickasaw) and Sweet Botan; Juicy, of same 
parentage; an unnamed variety, said to bea cross of Botan by 
Robinson ; and an unnamed cross of Kelsey by Satsuma. 

Weaknesses and Diseases.—Undoubtedly one of the most serious 
weaknesses of the Japanese plums is their very early season of 
bloom. Thisis particularly noticeable in the middle and southern 
states, where the buds are ready to burst with the very first warm 
days of spring. In the north, where the soil is colder and the 
unseasonable ‘‘ warm spells’ are of comparatively short duration, 
this tendency to early bloom is less marked. Yet some of the 
Japanese varieties seem to be especially given to early awakening 
in the spring. I have not heard of serious trouble in this respect 
in New York, but many of the varieties are not yet bearing in 
this state. The following records of habitual injury from spring 
frosts have been received from correspondents : 


VARIETIES LIABLE TO INJURY BY SPRING FROSTS. 
Observer. Varieties injured. 

J. T. Lovett, Little Silver, Monmouth Co.,N.J. Abundance, Burbank, Kel- 
sey, Ogon,Satsuma. 

J. W. Kerr, Denton, Carolina Co., Md., Botankio (Babcock?), Bur- 
bank, Chabot, Kelsey. 

J.S. Breece, Fayetteville, Cumberland Co.,N.C. Kelsey, Satsuma. 

J. L. Normand, Marksville, Avoyelles Co., La. Satsuma. 

Stark Bros., Louisiana, Pike Co., Mo.,, Kelsey, Satsuma. 
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T. V. Munson, Denison, Grayson Co., Tex., Botankio (Babcock?) Mun- 
: ; son, Kelsey, Red Nagate. 

J. T. Whitaker, Tyler, Smith Co., Tex., Kelsey. 

F. M. Ramsey, Lampasas, Lampasas Co.,Tex., Kelsey. 

A.M.Ramsey-& Son, Mahonet,BurnetCo.,Tex., Kelsey. 

H. M. Stringfellow. Hitchcock, Polk Co.,Tex., Kelsey. 

G. Onderdonk, Nursery, Victoria Co., Tex., Kelsey, Satsuma. 


Od 


The following record of the actual dates of blooming of the 
Japanese plums has been prepared for me by J. W. Kerr, of the 
Chesapeake peninsula. It will be seen that some of them bloom 
as early as Pissardii and Simonii, which are known as very early 
bloomers. 


RECORD OF DATES AT WHICH ORIENTAL PLUMS BLOOMED AT 
EASTERN SHORE NURSERIES, DENTON, CAROLINE CO., 


MD., 1892. 
' 
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Some, at least, of the Japanese plums are much subject to fruit- 
rot, and this appears to be specially true of the Abundance, 
particularly when it is not well thinned. Mr. Kerr writes me 
under date of July 5, 1892, that ‘‘there is not a single variety of 
the Japanese plums that is holding its fruit, except Botan, and 
even they are rotting very rapidly and I doubt if a perfect speci- 
men will go through. Bordeaux mixture seems to avail nothing. 
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as a remedy forthe rot. Notwithstanding failures in general this 
year, I have begun shipping Chickasaws, of which I havea good 
crop.’’ These plums are evidently not more subject to rot than 
many varieties of Domesticas, however, and I doubt if they are 
so much injured, as a rule, as the Lombard. 

It has been said that these plums, or some of them, are curcu- 
lio proof; but this is an error. Yet they often appear to escape 
much of the excessive injury which falls to the Domestica varie- 
ties. The following note from the Rural New- Yorker bears upon 
this point. I saw the tree here described, upon the editor’s 
grounds, just before the fruit was ripe, and it appeared to be free 
from curculio injury : 

“The Abundance plum (August 4) at the Rural grounds is a 
sight to behold. The branches are wreaths of fruit, and they, as 
well as the tree itself, are held up by props and ropes. Some of 
the plums are beginning to color; all are of good size, and, though 
the old marks of the curculio sting are engraved upon most of 
them, no injury seems as yet tohave resulted. For twenty years, 
off and on, the Rural New- Yorker has tried so-called curculio 
proof plums. We have never used insecticides nor jarred the 
trees to destroy them, and we have never before had a crop of 
plums. Plums are not raised in the vicinity simply because the 
people are not willing to put themselves to the trouble of jarring 
the trees, and they know from experience that they cannot raise 
plums without doing so. Now here we have the Abundance 
loaded down with beautiful fruit, while not a precaution has been 
taken to destroy the curculio. Blessed be the Abundance! It is 
well named.’’ 

So far as I have been able to learn, none of the varieties are ser- 
iously attacked by black-knot, although the disease occurs on 
them. This circumstance, however, should not be dwelt upon too 
strongly, for it is possible that the exemption is largely accidental. 
Yet I have seen perfectly healthy trees on the Hudson River where 
allthe common plums in the neighborhood were seriously injured. 
The varieties appear to be nearly exempt from leaf-blight, also. 

The Japanese plums are commonly budded upon the peach, and 
so far very few complaints have reached me from failure of the 
union; but I shall be surprised if as strong and permanent results 
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come from the use of this stock as from the use of their own 
seedlings or Domestica stocks, ° 


REVIEW. 


1. Twenty-four years ago a plum was introduced into Cali- 
fornia from Japan which proved to belong to a species heretofore 
unknown in America. It was first fruited by the late John 
Kelsey, of Berkeley, California, and for him it was named. It 
began to attract wide attention about ten years ago. 

2. This plum belongs to the species Prunus triflora, which is 
‘supposed to be native to China, but which is unknown in a wild 
state. Subsequent importations have been made from Japan, and 
at the present time about thirty varieties are more or less known 
and disseminated. 

3. These Japanese plums are distinguished from the common 
Domestica plums by their generally more pointed or heart-shaped 
fruit which has a deep groove or suture upon one side, by a long- 
er-keeping flesh and generally a less winged pit. In other botan- 
ical features they differ in commonly bearing three or more winter 
buds at a joint, instead of one, in the light colored rough bark, 
flowers usually in twos or threes, leaves long-obovate or elliptic 
and finely serrate. They are closely allied in botanical characters 
to some types of native plums. 

4. The nomenclature of the varieties is much confused, large- 
ly because the Japanese names are used for groups or classes and 
not for specific varieties ; and there is no uniformity even in the 
generic application of these names. It is essential to an exact 
understanding of this fruit, therefore, that the Japanese class- 
names be discarded in this country. 

5. While importations from Japan have been made freely, 
there are probably many more good varieties in that country 
which have not reached America; but we must look for most 
permanent progress in the future from American offspring. 

6. ‘The Japanese plums differ amongst themselves greatly in 
hardiness. The Kelsey is adapted only to the states south of 
Virginia and to the warmer parts of the Pacific Coast, but other 
varieties are fully hardy in parts of Connecticut, Ontario, New 
York and Iowa. 
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7. The varieties now known to be hardy in the plum regions 
of New York are Burbank, Abundance, Willard, Ogon, Satsuma, 
Chabot, Yosebe and Berger ; and others give promise of being as 
hardy as these. 

8. The period of ripening of the various kinds extends over a 
long season, running, in New York, from the middle of July to 
the middle of September. The same variety does not always 
appear to ripen at the same period in successive years. ‘This is 
especially true of the Kelsey, which sometimes varies through a 
period of three months. In New York, the earliest market 
variety which has been tested appears to be Willard, followed 
closely by Ogon, then Abundance and Berckmans, and Burbank 
still later. Kelsey is generally the latest of all the varieties. 

9. Most of the Japanese plums keep for several days, and 
some of them even for two weeks, after they are ripe. Satsuma 
is one of the best keepers known in the north. 

10. The larger part of the varieties are red with deep yellow 
flesh, and the Satsuma, and a few varieties less known, have deep 
red flesh. There are only four well known yellow varieties. 
There are eight freestones, as follows: Ogon, Willard, Kelsey, 
Berger, Maru, Munson, Normand, Yosebe. 

11. The varieties which can be most confidently recommended 
at the present time are Abundance, Burbank, Willard, Kerr, 
Berckmans, Maru, Red Nagate, Chabot, Satsuma and perhaps 
Ogon. Kelsey is recommended for the south. 

12. The chief weaknesses of the Japanese plums are too early 
bloom of some varieties and liability to the fruit-rot fungus. 
Amongst their advantages are partial immunity from black-knot, 
and leaf-blight and often a partial freedom from curculio injury. 

13. Altogether, the Japanese plums constitute the most impor- 
tant type of fruit introduced into North America during the last 
quarter of a century, and they should receive careful tests in all 
parts of the country. L. H. BATE, 
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CO-OPERATIVE TEST OF SUGAR BERETS. 


In the Spring of 1893 the Station received a quantity of sugar 
beet seed from the Agricultural Department, Washington, D. C. 
This seed was sent to seventy representative farmers of the state, 
with the request that they co-operate with usin a test of growing 
sugar beets, and that a sample of a half dozen average beets be 
sent us in the Fall for analysis. Laterin the season blanks of the 
form indicated below were sent out with the request that they be 
filled out and returned with the sample of beets at the time of 
harvesting : 

Previous crop 

Kind of soil 

Date of planting 

Date of harvesting 

Distance of rows apart 

Weight of trimmed beets from one row two rods long 

Kind and amount of fertilizers applied 

Name of grower 

Post Office 
County 

The samples of seed were sent with the idea of distributing 
them over the entire state as much as possible and consequently 
were sent into fifty-one counties. Of the seventy farmers receiv- 
ing seed thirty-one responded by sending us more or less data 
concerning the growth of the beets. The majority, however, 
sent all the data asked of them and thirty sent samples for analy- 
sis. The following table gives the names of the growers, their 
addresses, the yield per acre, the per cent. of sugar in the beets, 
arranged alphabetically according to the county where grown: 
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TABLE I. 
Yield per Per cent. 
No. County. Name of grower. Post Office. acrein of sugarin 
tons. beets. 
1 Broome C. W. Wright Ouaquaga 22.00 12.10 
2 Cayuga H. C. Bush Mapleton 13.40 
3 Cayuga E. R. Rowland Five Corners 27.72 14.43 
4 Chemung C. A. Lowe Big Flats 13.14 
5 Clinton Thos. Armstrong Plattsburg 13.98 
6 Columbia Geo. T. Powell Ghent 23.32 14.66 
7 Delaware A. O. Potter Franklin II.30 11.52 
8 Erie Ba Ccole Willink B2non 12.88 
9 Genesee F. E. Ford . Elba PLE 12.51 
Io Greene B. H. Bedell Medway 15.67 13.14 
Ir Niagara W. J. Hall Youngstown 11.87 
12 Onondaga B. H. Devendorf Cicero 44.00 13.48 
13 Ontario J.J. McNamara Reeds Corners 20.52 13.19 
14 Orange Henry Bull Stony Ford 12.40 12.65 
I5 Otsego W. S. Moore Mt. Upton 12.65 
16 Putnam CH Royce Garrisons 34.79 
17 St. Lawrence G. C. Mc Ewen Lawrenceville 36.03 12.87 
18 Saratoga J. I. Parent Birchton 8.12 11.80 
19 Schuyler C. D. Smead Logan 19.99 14.36 
20 Schuyler J. W. Corbett Watkins 31.18 11.18 
21 Steuben E. E. Wood Campbell 10.00 
22 Suffolk C. W. Wickham Mattituck 47.25 9.16 
23 Tompkins Cornell University Ithaca 7.05 14.71 
24 Tompkins Cornell University Ithaca 10.07 12.20 
25 Tompkins Cornell University Ithaca II.905 13.69 
26 Tompkins F. P. Hatch Dryden 15-84 12.27 
27. Tompkins King & Robinson Trumansburg 31.18 13.43 
28 Tompkins H.C. McLallen Trumansburg 19.14 13.62 
29 Wayne J. C. Baird Clyde 23.76 
30 Wayne W.S. Blakeman Clyde 22.88 12.46 
3t Westchester F. Q. White Yorktown 26.40 13.75 


Most of the blanks, from which the above table was compiled, 
were completely and properly made out, and with few exceptions 
the samples of beets were received in a fairly fresh condition. It 
is readily seen that there is always more or less danger of inaccu- 
racies occurring from this source, where the beets are sent a con- 
siderable distance and allowed to become somewhat dried or wilted 
before reaching the chemist. A comparatively slight drying 
might reduce the water content of the beet, and so apparently in- 
crease the percentage of sugar that the error from this source 
alone might indicate a profitable yield of sugar, while in reality 
the reverse had existed. The danger of error from this source 
was fully realized and consequently the samples were ordered to 
be sent by express and were placed in the hands of the chemist at 
the earliest moment. 
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Chemist Harvey W. Wiley, of the Department of Agriculture, 
in his report to the Secretary of Agriculture, on experiments with 
Sugar Beets published in Bulletin No. 33 says: ‘‘ We areaccus- 
tomed to look with suspicion upon any yield of sugar beets which 
exceeds 25 tons per acre. While it is not impossible to secure a 
higher yield than this of good saccharine quality, yet it is so rare 
as to throw doubt upon miscellaneous data showing an excess of 
that yield.” In studying the yields per acre in the above tables, 
it must be borne in mind that in many cases the seed was sown in 
small quantities in gardens, and given wholly hand culture. ‘That 
this condition of affairs existed was evident from the statement 
that the seed in some cases was planted in gardens in rows too 
near together to admit of horse cultivation. 

While the results in these do not give a correct idea of what 
might be expected on the same kind of soil from a more extended 
cultivation in a practical way, they may serve a useful purpose in 
showing what can be accomplished in the way of securing large 
yields of beets per acre. 

Had the seed been sent out earlier, undoubtedly better results 
would have been reported, but as the samples were received from 
Washington at so late a date that the farmers could not be noti- 
fied that samples would be sent them, the first knowledge they 
had of the request to co-operate with us was with the receipt of 
the seed. Many had already planted or sowed to other crops 
their land, that was at all suitable to the cultivation of beets, and 
consequently many samples of seed were not sowed at all, and 
many others that were sowed failed to germinate. 

The fact that so many samples of seed failed to germinate was 
probably due to their being sowed on poorly fitted land not suited 
to the cultivation of the beet and to the drought which was quite 
general throughout the state from May until August. For con- 
venience of study the foregoing table is re-arranged into three 
tables according to varieties, and also into three tables according 
to the kind of soil in which the beets were grown. 
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TABLE II.—DrippEs KLEINWANZLEBENER. 


Yield per acre 


in tons. 
22.00 
Poll tea) ("4 
44.00 
8.12 
19-99 
10.07 
22.88 


21.43 


Average 


TABLE III.—KNAUERS IMPERIAL. 


Yield per acre 


in tons, 
27.72 
32.24 
20.52 
12.40 
36.03 
31.18 
47-25 
11.905 
19.14 
23.76 
26.40 


26.19 


Average 


TABLE IV.—VILMORENS RICHEST. 


Yield per acre 


in tons. 


23.32 
II.30 
15.67 


7-05 
15.84 


14.63 


Average 


Average weight of 
beets in ozs. 


39.24 
64.60 
32.91 
65.46 
22.12 
35-21 
37.08 
25-47 


40.26 


Average weight of 
beets in ozs. 
35-75 
30.73 
34-75 
65-77 
28.39 
29.03 
41.06 
44.07 
84.75 
172 
35.26 


27.02 


39.55 


Average weight of 
beets in ozs. 


36.21 
27.16 
22.04 
26.65 
54-37 
33-70 
40.50 


34.37 


TABLE V.—ON CLAY SOIL. 


Yield per acre Average weight of 


beets in ozs. 


in tons 
22. 39.24 
7-95 33-79 
10.07 37.08 
11.90 35.26 
T3372 
12.77 31.80 


Per cent. sugar. 
12.10 
14.71 
12.20 
13.69 
10.00 


12.54 


Per cent. sugar. 
12.10 
13.98 
12.51 
13.48 
11.80 
14.36 
12.20 
12.46 


12.86 


Per cent. sugar. 


14.43 
13.14 
12.88 
13.19 
12.65 
12.87 
11.18 

9.16 
10.00 
13.69 
13.62 


13-75 
12.49 


Per cent. sugar. 
13.40 
14 66 
II.52 
13.14 
12.65 
14.71 
12527; 


13.19 


Variety. 
Dipp. Klein 
Vil. Richest 
Dipp. Klein 
Knauers Imp. 
Knauers Imp. 
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TABLE VI.—CrLay Loam. 


Yield per acre Average weight of Percent. 


No. in tons. beets in ozs. sugar. Variety. 

4 13.14 Knauers Imperial 

9 21,12 32.91 12.51 Dippes Kleinwanzlebener 
13 20.52 28.39 13 91 Knauers Imperial 
14 12.40 29.03 12.65 Knauers Imperial 
17 36.03 41.06 12.87 Knauers Imperial 
18 8.12 222 11.80 Dippes Kleinwanzlebener 
19 19.99 35.21 14.36 Dippes Kleinwanzlebener 
27 31.18 44.67 13.43 Knauers Imperial 
29 23.76 a —— Dippes Kleinwanzlebener 
30 22.88 25.47 12.46 Dippes Kleinwanzlebener 
3I 26.40 27.02 13.75 Knauers Imperial 

Average 22.24 31.76 13.08 


TABLE VII.—Sanpy LOAM AND GRAVEL, 


Yield per acre Average weight of Percent. 


° in tons. beets in ozs, sugar. : Variety. 

3 27.72 35-75 14.43 Knauers Imperial 
6 23.32 27.16 14.66 Vilmorens Richest 
4 11.30 22.04 11.52 es “s 

8 32.24 34.75 12.88 Knauers Imperial 
10 15.67 26.65 13.14 Vilmorens Richest 
II — 65-77 11.87 Knauers Imperial 
I2 44.00 65.46 13.48 Dippes Kleinwanzlebener 
15 aa 54.37 12.65 Vilmorens Richest 
20 31.18 44.07 11.18 Knauers Imperial 
22 47.25 84.75 9.16 aS Ge 
28 19.14 43-84 13.62 ss “ 

Average 27.98 45.87 12.60 


The numbers in the left hand column of these tables correspond 
with those of the left hand column of Table I, and are given to 
enable the reader to determine in what part of the State the differ- 
ent varieties were grown. 

It will be noticed that there was less difference in the per cent, 
of sugar in the beets from the different soils than there was from 
the different varieties of beets. The average per cent. of sugar 
of the varieties grown on clay soil was lower than the average of 
the varieties grown on other soils. That from clay soil being 
12.54 while the average percentage of sugar from sandy loam and 
clay loam were 12.60 and 13.08 respectively. It is true that the 
number of trials, on the different kinds of soil were not sufficient 
to make this.comparison of great value, yet we cannot pass it by 
as unworthy of notice. 

In Bulletin No. 30 of the U.S. Department of Agriculture, Mr. 
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Wiley says,—‘‘ For the purpose of fixing a standard of comparison 
I would say that the typical sugar beet for sugar making purposes 
should weigh 600 grammes, contain 14 per cent. of sugar and 
have a purity of at least 80. With such raw material at his com- 
mand in sufficient quantities, the manufacturer cannot fail of suc- 
cess, provided he be supplied with the latest and most improved 
forms of machinery ; in general it has been found that when beets 
exceed 600 grammes in weight it is difficult to maintain their 
sugar content at a high standard.”’ 

The average weight of all the beets received for analysisin this - 
test was 830 grammes and the average per cent. of sugar of all 
samples was 12.90. From the above quotation, it would be 
expected that the percentage of sugar in these beets would fall 
below the assumed standard of 14 per cent. for no other reason 
than that the beets were too large for the highest per cent. of 
sugar. When we calculate the percentage of sugar in a crop 
from.a.few sample beets selected at random it is readily seen that 
the accuracy of this method is somewhat doubtful to say the least 
as itis almest impossible, without great labor and skill, to select 
three. or four beets that will represent with a considerable degree 
of accuracy the sugar content and average weight of a crop of 
beets. We would expect that the samples sent for analysis would 
be rather larger than the average of the whole crop, and so we 
feel safe in assuming that the per cent. of sugar in all the beets 
grown in this test would be fully equal if not greater than that 
shown by the average of the analysis. We intend to carry on 
this test another year in a more extended way and will gladly 
furnish seed free to farmers of this State who will co-operate with 
us in carrying on this work. We would like to correspond with 
those who are willing to participate in this test that we may make 
arrangements to send them the quantity of seed of such varieties 
as they desire to plant. 

I. P. ROBERTS. 
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ON CERTAIN GRASS-EATING INSECTS. 


A SYNOPSIS OF THE SPECIES OF CRAMBUS OF THE 
ITHACA FAUNA. 


A Thesis in Entomology. 


BY EPHRAIM PORTER FELT, B. S., FELLOW IN ENTOMOLOGY IN CORNELL, 
UNIVERSITY. 


INTRODUCTION. 


There abound in every pasture and meadow certain small moths 
that may be cry recognized by a peculiar habit of closely fold- 
ing their wings about the body when at rest. (Fig. 
I.) On account of this habit,these moths have 
received the popular name of Close-wings; the tech- 
nical name of the genus is Cramobus. 

It is only necessary to walk through the grass in 
the afternoon or early evening to observe these 
moths in their native haunts; they start up on 
every side, fly a short way and alight. At times 
the grass seems to be alive with them. 

Like some other common insects, these moths 
have received little attention from agriculturists, 
although they are really of considerable economic 
importance. In the larval state they are grass- 
eating caterpillars; and as they are very abundant 
— they can hardly fail to materially lessen the crop of 

alboclavellus. hay or the amount of available food in a pasture. 

Under ordinary circumstances the injury caused by these in- 
sects attracts but little attention. But these innocent appearing 
moths have been known to cause the complete devastation of 
large areas, whole townships being affected. Each year adds to 
the recorded instances where they have seriously injured culti- 
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vated crops. Therefore it seems important that our knowledge 
of them be increased and that it be made easily accessible. 

This paper has been prepared as a contribution to such know- 
ledge. The investigation upon which it is based was carried on 
in the insectary of the Cornell University Experiment Station, 
and I have been allowed the free use of the entomological collec- 
tion of the University. The scope of this paper has been some- 
what broadened by the addition of figures and discussions of several 
species not yet found in the Ithaca fauna, kindly given me by Rev. 
Geo. D. Hulst. These are those numbered 4,6,7,13,17,23 and 27. — 
I am indebted to Dr. C. H. Fernald for the determination of sey- 
eral species ; to Samuel Henshaw for the privilege of examining 
the collection of Cvamdus in the museum of Harvard University 
and in the museum of the Boston Society of Natural History ; 
and also to Mr. Wm. Beutenmuller for an opportunity of examin- 
ing the collection of the late Henry Edwards. 

The genus Cvamdbus is world-wide in distribution; species 
having been described from widely separated countries of each 
continent and from a number of the larger islands. Over sixty 
North American species have been catalogued. In Ithaca twenty 
species occur and, judging from the recorded distribution, this 
may be regarded as nearly the average number of species that 
might occur in any one locality on this continent. The various 
species resemble each other so closely that the characters of almost 
any species would enable even a non-scientific man to refer the 
others to this genus. 

GENERAL CHARACTERISTICS.— Among grass insects Crambids 
may be recognized by their peculiar habit of folding the 
wings partially around the abdomen.* The moths are 
rather small, slender creatures, with very long snout-like 
palpi. (Fig. 2.) From their long snout-like palpi they, 
with many others, have been termed Snout Moths. The 
larger species are about half an inch long and with 
wings that spread about an inch. The fore wing often FIG, a— 
presents pretty designs in silver, gold, yellow, brown, /uls. C. 
black and white or they may be of a nearly unbroken ghar f 
somber color. ‘The hind wings are usually a white or oh ee 
grayish color. Both fore and hind wings are ornamented with 


*In two seasons collecting I have failed to see any similar moths in the 
grass with this habit. 
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delicate fringes on the outer margins. The fringes usually 
have a metallic luster. The antennz are nearly as long as 
the body and very slender. The male antennz are the stouter 
(Pl. IX, Fig. 18). The eggs of the various species exhibit 
great uniformity (Pl. XII). They are more or less oval, and 
have ten to twenty longitudinal ridges and numerous smaller 
transverse ridges. When first laid the eggs are nearly white, 
but before hatching they change to a more or less reddish 
color and in one species they become bright scarlet. The larvee 
are about one twenty-fourth of an inch long when first 
hatched. They usually have dark colored heads and a straw 
colored body with rows of dark colored tubercles. Upon the 
head and tubercles small hairs occur. In the different stages 
of growth the larve change in size and depth of coloring, the 
whole body usually becoming much darker. When full grown 
the larvee-are from one to two inches long. 

Hasits.—Members of this genus fly mostly on dull afternoons 
and during the early evening. ‘They frequent open fields and the 
borders of woods, When disturbed the moths rarely fly more 
than two or three rods at a time. They alight with a peculiar 
swoop upon a dried stalk of grass, with their heads usually down. 
These insects dislike a horizontal position very much and will fly 
some time rather than light upon a flat surface. When at rest 
upon a stalk of grass the moths arerather difficult to see, as their 
color harmonizes with their surroundings. So far asis known 
most — the species live upon grass, including under this term 
corn, oats, and wheat. Some species may live 
upon sedges and other coarse grass-like plants. 
The eggs are usually, if not always, allowed to 
fall at random in the grass. ‘They hatch in from 
ten to twenty days. The young larve live in 
cylindrical web-lined nests (Fig. 3.) the outside of 
=, Which is covered with bits of grass or particles of 
a ee At soil. The nests are usually perpendicular and at 
iS Be ealonecn or just below the surface of the soil. The larve 

(Fig. 4) feed mostly in the early evening. Some 
larvee cut off the blades of grass and draw the end down into the 
nest so they can feed without leaving the nest. In the early 
fall the larve close the tops of their nests before going into 
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hibernation. In the spring they come forth, complete their 
growth, pupate near the surface, and later the adults emerge. 

ECONOMIC IMPORTANCE. — Though the various 
species of Crambus are common, they have rarely 
attracted much attention as destructive insects. This 
is due to their insidious methods of work. Unless the 
damage they do is very serious it is hardly noticed 
or, if noticed, attributed to other causes. As the 
larve live a retired life close to the surface, eating 
mostly at night and remaining in their nests during 
the day, they are rarely seen. Like most larve they 
feed most voraciously just as they are completing F%S 4—/e7- 
their growth; consequently, when the damage is /s,<larged. 
noticed most of the larve are hidden in their retreats where they 
pupate. In these places none but an experienced entomologist 
would find them, or would think of associating the damage done 
with the harmless appearing moths that fly later. 

Hardly any farmer would think seriously of the loss of only one 
stalk of grass in ten, yet the aggregate for the country at large 
would be enormous. Not only is the damage to a crop where 
nothing short of a serious injury would attract attention, but the 
damage is distributed throughout the growing season. As a 
general rule each species is most destructive at a different time 
from the other species of that locality ; hence, species of Crambus 
prey upon the grass as a succession of small armies. Could the 
loss caused by these species come at one time in the year their 
destructive power would be better appreciated. Less than a 
third of the species may be classed as of economic importance, 
but these possess a capacity to cause almost infinite loss if the 
conditions are favorable. 

In 1880 and 1881 the conditions were favorable for the devel- 
opement of several species of Close Wings. The Vagabond 
Crambus (C. vulgivagellus) was the chief offender, though the 
Dried Crambus (C. zzterminellus) was associated with the former 
in the devastation. In the latter part of May, 1881, Dr. Lintner 
was notified of a ‘‘ formidable invasion of the grass lands of St. 
Lawrence County, N. Y., by the army worm.’’ He writes: 
‘“The ravages had only been observed during the preceding ten 
days, but already had they reached such magnitude that many 
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extensive pastures had been completely ruined. The entire 
destruction of both the pastures and meadows was threatened, 
and serious detriment to the important dairy interests of the 
northern counties of the State was anticipated. Hundreds of 
acres of pasturage in the town of Potsdam had been destroyed, 
and not a single farm, it was believed, had escaped attack. An 
upland pasture, containing fifty acres, which, ten days previous 
to my visit, had afforded good pasturage, was now entirely brown. 
No grass could be seen in glancing over its whole extent, except 
a narrow strip which had been used as a roadway when farming 
purposes necessitated occasional passing from one field to 
another. ‘This from some unknown reason had remained green.’ 
Fortunately, such destructiveness seems to be the exception, 
though there are a number of species almost as common and as 
prolific as the Vagabond Crambus. 

In 1885, Forbes, in the 14th Report on the Insects of Illinois, 
records the destruction of corn by the Corn Root Worm (C. zeel- 
lus). In 1891, I,. Bruner reports the same insect injuring corn in 
Nebraska and several other states. The Vagabond Crambus is 
also charged with injuring small grains. In Bulletin 14 of the 
Delaware Experiment Station for December, 1891, the Sooty 
Crambus (C. caliginosellus) is reported injuring corn in that sec- 
tion, the injury having been noticed as early as 1886 at Bennings, 
Md. In the Annual Report of the Maine State College and 
Experiment Station for 1891 a species of Cramdus is charged with 
injuring the apple in the same manner as the Codlin Moth. Prof. 
Munson writes: ‘‘In many cases the casual observer would 
attribute the injury|to the Codlin Moth, when in reality it is due 
to another insect—a species of Crvambus. The larva of this moth 
is smaller than the Codlin Moth and works only in the calyx. 
This insect was quite abundant the past season.”’ 

Though the various species of Cramébus are reported as damag- 
ing cultivated crops to a considerable extent, yet in most cases it 
is the result of unusual conditions. The moths are grass insects 
and incline to remain in the pastures and meadows. The larve 
are also inclined to remain in or near one place. If cultivated 
fields are near grass lands the moths will fly into them more or 
‘less and drop eggs wherever they fly; these eggs hatch and the 
larvee seek food. Again, if grass land is plowed there are more 
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or less of these larvee seeking food. In either case if the larve 
can feed upon the crop planted, it does, and loss must follow. 
This seems to be the way most of the cultivated crops are injured. 
In some cases these insects seem to have become established in 
the field, but in the majority of cases the greatest injury is on 
the edges of the field near grass land. In view of these facts it is 
hardly probable that members of this genus will ever become 
serious pests in cultivated fields. 

PREVENTIVE MEASURES.—In the egg and early larval state 
these insects seem very susceptible to unfavorable conditions. 
In most cases climatic conditions or insect enemies may be 
depended upon to keep these small pests in check. When nat- 
ural forces prove inefficient, recourse must be had to artificial 
means. 

I know of no experiments in combating these pests, and but 
little has been suggested. The principal contribution to this 
phase of the subject was made by Dr, Lintner in his First Report 
as State Entomologist. 

Burning.—This was recommended in the late fall or early 
spring in order to destroy the larvee while hibernating. Some 
species hibernate above ground and upon these it would be very 
effective. 

Applications of ashes, lime, gas lime, plaster, dust, etc.—A trial 
of these substances was recommended, but there is no record of 
their being used. . 

Rolling the ground.—This was advised on limited areas. 

Trap-lanterns.—An examination of the record of any species 
taken in the trap-lanterns near the Cornell insectary during the 
years of 1889 or 1892 will show that the greater number taken 
were males, except C. /aqueatellus where the females were in 
excess. If we accept the strong probability that one male 
can fertilize* several females, the trap-lantern is of little value. 
In the case of C. Jagueatellus the females were examined and 
only one was found with an abdomen distended with eggs. The 
females fly but little before most of their eggs are laid, conse- 
quently the trap-lantern as a practicable means of checking the 


*In the summer of 1891 the writer observed a male Gypsy Moth (Ocneria 
dispar) copulate successively with three females. 
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increase of these insects is of no value. The same is probably 
true of other attractions, as molasses, and vinegar or beer, etc. 

Deep plowing.—This was recommended as preventive of a 
second attack. 

To prevent injuries to cultivated crops.—In most cases the easiest 
preventive is to surround these crops that are near the grass 
with a strip one or two rods wide of some crop upon which the 
larvze cannot feed, as potatoes. There may be instances where a 
species has become firmly established in a cultivated field, because 
the same crop has been grown fora series of years. A change to 
some other crop upon which the larvee cannot feed would probably 
rid the field of them. 

METHODS OF Stupy.—The study of this genus was begun by 
the writer in July, 1892. Throughout the remainder of that sea- 
son and during the season of 1893, continuous collecting supplied 
the material studied. The first care was to secure fresh unrubbed 
females which were heavy witheggs. These females were placed 
in tightly corked homeopathic vials with a few blades of green 
grass. Under these conditions they would live a week or more 
and lay freely. Besides those in the vials a number of females 
were usually placed in a breeding cage and observations 
were made upon each lot. The most convenient breeding cage 
was made by placing a lamp chimney over grass growing ina 
small flower pot; the top of the lamp chimney was covered with 
muslin. The pot was placed in a larger one and packed with 
sphagnum moss to prevent undue drying. In such a cage very 
nearly natural conditions were secured. The eggs in the vials 
were subject to daily observations and when they hatched the 
larvee were described, some preserved in alcohol, and the rest 
placed inacage. During the larval existence frequent observa- 
tions were taken and full notes were made at the time of obser- 
vation; whenever practicable, drawings were made. During the 
winter of 1892-93, all the larve died from some unknown cause. 
On this account it has been impossible to complete the round of 
life of the species studied. 

In 1889,the Entomological Division of the Experiment Station 
ran six trap-lanterns throughout the season, and during the 
season of 1892 one. From the material taken in these trap-lanterns 
the periods of flight have been worked out and the number of 
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each sex taken determined. In the determination of species I 
found the male genital organs to be of great value. Many indi- 
viduals after being in the trap-lantern could not be recognized by 
the markings. After a little experience it was only a few minutes’ 
work to expose the genitalia of a softened individual. These 
organs, after the insect is softened, can be pushed into sight with 
a point of a pin and a glance is usually enough to determine the 
species. 

VENATION OF THE W1NGS.—The figures illustrating the vena- 
tion of the wings are made from camera lucida drawings of 
bleached specimens. Great care was taken to represent accur- 
ately the outlines of the wings and the courses of the veins, but 
it was impracticable to use the same scale of enlargement for all ; 
this has been done, however, on Plates XIII and XIV. 

The nomenclature of wing veins adopted is that of Redten- 
bacher as modified by Professor Comstock in his essay on Evolu- 
tion and Taxonomy. It seems unnecessary to describe the 
specific characteristics of the venation as these are shown in the 
plates better than I can describe them. Within the genus there 
are some specializations worthy of note. In the fore wing, vein 
III is five-branched except in C. mznimellus, where it is but two- 
branched ; vein VII is apparently four-branched in all the species 
except C. mznimellus, where vein V, has coalesced with vein V,,. 
In the hind wing the frenulum is a single stout spine in the male, 
while in the female it consists of two distinct spines except in C. 
caliginosellus and C. hulstellus, where it is divided at the tip only. 
The base of vein III is more or less rudimentary and a stump of 
vein V.«, persists in some cases. Vein VII is apparently four- 
branched except in C. mznzmellus, where it is but three-branched. 

STRUCTURE OF THE EXTERNAL REPRODUCTIVE ORGANS.—AsS 
no one writer, to my knowlege, has used a complete set of com- 
prehensive terms for these important organs, it will be necessary 
to define the nomenclature used. In the male there are two pairs 
of lateral clasping organs, termed collectively, the clasps (Pl. V, 
Fig. 1, v and #). In this genus the outer pair appear to 
be more or less protective in function and are termed valves (Pl. 
V, Fig. 1, vw). The inner pair are more or less chitinous 
and function as grappling hooks, the havpes. (Pl. V, Fig. 1, 4.) 
Between the clasps is a more or less chitinous organ, the intromit- 
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tent organ or penzs. (Pl. VII, Fig. 10, fx.) Dorsad of the 
penis and working vertically is a more or less beak-shaped organ, 
the uwncus. (Pl. V, Fig. 1, w.) Articulated with the uncus and 
working vertically with it is a more slender Y-shaped organ, 
the lower limb of the uncus. (Pl. VIII, Fig. 16, 7.) The penis 
extends between the branches and dorsad of the body of the 
lower limb of the uncus. The uncus and the lower limb function 
as vertical forceps, the clasps as lateral forceps. "The uncus and 
the lower limb are articulated to an inverted keel-shaped organ, 
the scaphium. (Pl. V, Fig. 1,5). The scaphium is composed of 
a pair of sclerites the memders of the scaphium. (PI. VIII, Fig. 
14, m,m.) Insomespecies the two members of the scaphium are 
loosely united. (Pl. XI, Fig. 26, m,); in other species the 
scaphium seems to be composed of a single sclerite. In the 
female the oviduct is guarded exteriorly by a pair of lateral plates, 
the genital plates. (Pl. V, Fig. 2, ¢.) The walls of the vagina 
are chitinous and in some species there are chitinous processes 
which are evidently correlated with the chitinous processes or 
hooks on the penis. (Pl. VII, Fig. 10, fz.) Later we will dis- 
cuss the modifications of these organs in detail. 


SYNOPSIS OF SPECIES. 

Three tables are given. ‘The first is purely artificial and is 
simply intended as an aid in the identification of the species. In 
the second the period of flight of the various species is presented in 
a condensed form. ‘The third tableis based largely upon a study 
of the exterior genital organs; in this table an effort is made to 
indicate the affinities of the species. 

TABLE FOR THE SEPARATION OF SPECIES OF Cramsus. 
A. Fore wings some shade of gray, not yellowish. 
B. Markings dark fuscous with brownish flecks, indistinct ; 
size small; male antennae not pectinate. Pl. XIII., Fig. 2. 
2. caliginosellus.* 

BB. Markings quite distinct, a distinct subterminal line. 

C. Only a blackish spot on the tip of the discal cell; male 
antennae pectinate. Pl. XIII., Fig. 5. 5. mutabilis.* 
CC. An oblique rather irregular discal stripe; size large ; 


male antennae not pectinate. Pl. XIII., Fig. 3 
3. interminellus.* 


*The species marked with an * were taken at Ithaca. 
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CCC. Large irregular blackish markings on and near tip of 
discal cell; size large; male antennae pectinate. PI. 


XIII., Fig. 4. 4. hulstellus, 
AA. The greater part of the fore wings yellow or of a brownish 
color. 


B. Markings rather obscure, ground color yellow. 
C. No subterminal line. 
D. Fore wing an unbroken yellow. Pl. XIII, Figs 
' Z. luteolellus.* 
DD. Fore wing shaded with dark scales,black dots at tips 
efveins: Pl.) UIII., Fig. 6; 9. vulgivagellus,* 
CC. A more or less distinct subterminal line. 
D. Fore wing a dark yellow. Pl. XIII.,Fig.7. 7. ¢eterrellus. 
DD. Fore wings a light yellow. 
E. Markings a light rufous, regular. Pl. XIII., Fig. 6. 
6. decorellus.* 


EE. Markings dark rufous,irregular. Pl. XIII., Fig.8, 
8. ruricolellus.* 
BB. Markings distinct. 
C. <A single broad white discal stripe. 
D. Stripe not interrupted near the tip of the discal cell. 
E. Stripe extending to the outer margin. 
F. Stripe broad, scarcely narrowed beyond tip of 
discal cell and broadly expanded at outer margin. 
Pl. XL; Biss 20; ro. untstriatellus.* 
FF. Stripe narrowed beyond discal cell and broadly 
expanded at outer margin. Pl. XIII., Fig. 12. 
12. hastiferellus.* 
FFF. Stripe almost interrupted, but extending by 
very narrow white line to the expanded tip at the 
outer margin; sizesmall. Pl. XIV., Fig. 17. 
17. extorralis. 
EE. Stripe not extending to the outer margin. 
F,- ‘Tip of stripe simple. _ Pl. XII; Fistian 
rr. leachellus.* 


EE. Tip of ‘stripe bifid. Pl. XIIL., Piguaa 
13. praefectellus. 
DD. Stripe interrupted near tip of discal cell. 
E. Fore wing broad, outer margin nearly straight, tip 
obtuse. Pl. XIV., Fig. 24. 24. alboclaveilus.* 
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EE. Fore wing narrow,outer margin strongly curved,tip 


acute. 
F. Stripe not branching near middle of discal cell. Pl. 
XIV., Fig. 25. 25. floridus.* 


FF. Stripe branching near middle of discal cell, the 
branch extending along vein VII, almost to the 
subterminal line. Pl. XIV., Fig. 27. 

27. satrapellus. 
CC. ‘Two white stripes on the discal cell separated by a well 
defined rufous stripe of nearly equal width. 
D. Only black dots at the tips of the veins on the outer 
manein. Pl XLV.; Big. 22. 22. agitatellus.* 
DD. Black dots and black lines extending from the dots 
along the veins almost to the subterminal line. Pl. 
SGV EG, cEiS,..26: 26. laqueatellus.* 
CCC. No white discal stripe. 
‘ D. A rather indistinct silvery discal stripe; size very 
small; apex of wing acute. Pl. XIV., Fig. 23. 
23. minimellus. 
DD. No discal stripe. 
E. Fore wing marked longitudinally with irregular dull 
black lines on a dull yellowish background. Pl. XIV., 
Fig. 19. 19. topiarius.* 
AAA. Ground color fore wings white. 
B. Fore wing nearly pure white. Pl. XIV., Fig. 18. 
18. tnnotatellus.* 
BB. Fore wings not pure white. 
C. Markings black, Pl. XIV., Fig. 16. 76. turbatellus.* 
CC. Markingsa rich brown. Pl. XIV., Fig. 15. 
15. elegans.* 
CCC. Markings yellowish and black. 
D. A longitudinal yellow stripe. Pl. XIII., Fig. 14. 
14. gtradellus.* 
DD. No longitudinal yellow stripe, subterminal line bor- 


dered with light yellow. Pl. XIV., Fig. 20. 
20. albellus.* 
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TIME OF FLIGHT OF SPECIES OF CRAMBUS AT 
TEVACAY IN Ne 


May. June. July. August. | September. 


| Crambus 
laqueatellus Clem......... “ 
leachellus Zinck..........- 
luteolellus Clem... ....... | 
VLORUAUS LOM ee ewes ateeeaces 
Npemeereraellas CLE...) sate. 
WA MECOCLLZES CLOT sen 3c sauteae 
interminellus Walk...... 
mutabilis Clem.........0. 
LOPIAYIUS Ze. ...c25- was 
alboclavellus Zell......... 
caliginosellus Clem....... 
ICT AMS ACIEIM scccesoescrss | 
yuricolellus Zell........+.. | 


3 


OK ok ok ok ok 


KOK KK OK KOK KOK OK OK 
KOR K KOK OK KOK KK 
* 
* 
* 


KOK OK OK 


KOK ok Ok Ok 


Each * represents approximately two weeks. 


SYNOPTICAL TABLE. 


A. Species that are grayish or dark colored. The free portion 
of the valve at least five times as long as broad. (7he Caligin- 
osellus Division.) 

B. Clasps nearly equal. 
C. No accessory spine; clasps not anchylosed at the base. 


PieeV., Hig. 2: caliginosellus. 
CC, Anaccessory spine; clasps anchylosed at base. Pl. V., 
Big: :s. interminellus, 
BB. Clasps unequal. 
Gi, larpe. broadened. (Plo Vii. Fiza: hulstellus. 
CC, Harpe reduced to aStoutspine: Pl. V.; Higa 
mutabilis. 


AA. Species that are yellowish or some shade of red. In the 
more specialized forms (in all described here except C. luteo- 
lellus) the free portion of the valve is less than five times as long 
as broad. (The Luteolellus Division.) 

B. Generalized representatives of the /u¢eolellus division. The 
clasps are nearly equal and are at least five times as long as 
broad. Plo Va Ripe luteolellus. 
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BB. Specialized representatives of the /uteolel/us division. The 
valves are less than five times as long as broad. 
C. Valve nearly triangular ; harpe more or less reduced ; ac- 
cessory spine slender when present. (Szbdivision 7.) 
D. No accessory spine; general color yellow; harpe 
greatly reduced. (Zhe Decorellus Group.) 
E. Harpestrongly recurved. 
F. MHarperather long,irregular. PI1.VLI., Fig. 6. 
decorellus, 
EHS Eanpeshort; rectilar; bifid: “PV Vis Fig.7. 
teterrellus. 
EE. Harpe not strongly recurved. 
ioe darpe short, tip acute. | Pla Vik; Bie s- 
ruricolellus. 
FF. MHarpeshorter, tipobtuse. PI1.VI., Fig. 9. 
vulgtvagellus. 
DD. Accessory spine present. 
FE. Uncus and lower limb nearly equal; color rufous 
with a broad white discal stripe. (Zhe Unistriatellus 


Group.) 
F. Harpe long, strongly recurved at tip. Pl. VIL., 
Fig. ro. untstriatellus. 


G. Discal stripe nearcosta at base of wing, stripe 
extending to outer margin.* Pl. XIII., Fig. 12. 
hastiferellus. 
GG. Stripe near center of discal cell, notextending 
to outer margin. 
Feat ipyorstripe: simple. 7 Pix Tie Pigegmr 


leachellus. 
Eee Lip-of stripe bifid. “PL XIN.) Bigs. 
; praefectellus. 
EE. Uncus greatly reduced in length. (Zhe Giradellus 
Group. ) 

F. Accessory spine at base of valve. P1.VUILI., Fig. I4- 
gtradellus. 

FF. Accessory spine near apical third of valve. PI.X., 

Fig. 25. floridus. 


* I cannot separate these species on the male geniatalia. 
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CC. Valve not triangular; harpe elongate and with one or 
more spines near the tip. (Swbdzviston /.) 
D. An accessory spine near the tip of the harpe. PI. 


WELIs 5 Fase 15: elegans. 
DD. Many short spines on the tip of the harpe. PI1.VIIL., 
Fig. 16. turbatellus. 


DDD. A pair of spines on the tipof the harpe forming a 
crescent as seen from behind. Pl. VIII., Fig. 17. 
extorralis. 
CCC. Valves strongly flattened ; harpe never elongate and 
narrow ; accessory spine when present broad and plate- 
like or very short. (Subdivision III. The Agitatellus Group.) 
D. Harpe nearly as wide as valve. 
E. Harpe terminated by a retangular spine, edge 
smooth.) Pl) 20.5 Fiev22. agitatellus. 
EE. Harpe terminated by a recurved spine, and with 
chitinous processes upon the edge. Pl. IX., Fig. 18. 


innotatellus. 
DD. Harpe much narrower than the valve at the base. 
Plo Ss, SENG es: ; minimellus. 


DDD. Harpe reduced to a very short spine. 
E. A thick tuft of very long hairs near the harpe. 


Ply IX.5 ig S10; topiarius. 
EE. No thick tuft of very long hairs near the harpe. 
Pl. TX, Fig}2a: albellus. 


DDDD. Harpe not a short spine. 
E. Uncus not strongly reduced, tips of valves oval. 
F. Harpe flattened, recurved. Pl. X., Fig. 24. 


. alboclavellus. 
FF. Harpe flattened, concave, curved ventrad. Pl. 
XT; Figo26. laqueatellus. 


EE. Uncus greatly reduced, represented by two very 
thick tufts of curved hairs. Pl. XI., Fig. 27. 
: satrapellus. 
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DESCRIPTION OF SPECIES.* 


I. THE YELLOW CRAMBUS. 
Crambus luteolellus. 
PRAWESOT V.,.X11I.,) Fig. x. 


Thig species may be recognized by its uniform yellow color and 
by its small size. This insect is confined to low wet lands. The 
moths fly about dusk during the latter part of June and July. 
Females were very hard to find and those taken laid but few eggs, 
which failed to hatch. 

£gg.—A light rufous color when first laid. Form elliptical oval; size .42 


by .3mm. There are about fourteen prominent longitudinal ribs and nu- 
merous smaller transverse ridges. 


2. THE Sooty CRAMBUS. 
Crambus caliginosellus. 
PDR en Vie REE. ,) UTE: oIG. 2: 

This species is a small dark colored moth with quite obscure 
markings. The adults fly in the early evening during the latter 
part of July and the first week of August. Very few of the moths 
are attracted to ight. In the six trap-lanterns run through the 
season of 1889 only four males were taken, yet the species is quite 
common in Ithaca. Like the Yellow Crambus, this species is 
mostly confined to low wet lands. ‘This insect appears to be more 
prolific than the Yellow Crambus; one female laid two hundred 
and seventy-five eggs in a vial, and this is probably below the 
average.| When first laid the eggs area creamy white. They 


_ gradually turn to an orange rufous color, and hatch in from five 


to eight days. 


*For a discussion of the more technical characteristics, and of those 
species the habits of which were not observed, see concluding part of this 
paper, treating of the Affinities of the Species. 


Tit is only occasionally that a female is taken in the field before she has 
laid any eggs. Asa rule, I give the highest number of eggs I have observed 
any one female of a species to lay and then give the probable average based 
upon observations of other females of the same and other species. The 
numbers of eggs laid by asingle female was determined by «actual count and 
not by estimates. 
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The habits of the larve are thus described by M. H. Beck- 
with :* ‘‘This species does not penetrate the plant (corn) and 
remain feeding upon the tender inner parts, but works upon the 
outer portion just beneath the surface of the soil. Some plants 
were nearly, girdled, and the worms were frequently found im- 
bedded in cavities where they had fed upon the plants. In some 
instances as many as thirty worms were found in a single hill of 
corn. In many hills the plants had been entirely destroyed ; in 
others they were smaJ]l and had a yellow, sickly appearance. 
The greatest injury appeared to have been caused in that portion 
of the field adjoining a small strip of timothy sod that remained 
without plowing.’’ In all probability this injury was caused © 
by the moths flying into the field from the adjoining grass and 
dropping their eggsin the field. The eggs hatched and the larve 
had no other food, hence the injury to the corn. } 

Egg.—Creamy white when first laid, gradually turning to an orange rufous 
color before hatching. Form elliptical-oval with the ends slightly truncate ; 
size .39 by .3 mm. The egg-shell has eighteen longitudinal ribs and numer- 
ous smaller transverse ridges. Pl. XII., Fig. 2. 

Larva, first stage.—Head diameter .15 mm.; body diameter .125 mm.; 
length .875 mm. Color a smutty translucent white with irregular reddish 
spots on the middle line of the back; head a pale amber color. Scattered 
light colored hairs occur on the head and body. Five pairs of prolegs, occur 
on the seventh to tenth inclusive, and thirteenth segments.7 


3. THE DRIED CRAMBUS. 
Crambus interminellus. 
PLATES I.,- Vs5, Kile," KI, Shige ee 


This insect is a rather large ashy gray moth with two irregular, 
oblique black markings upon the fore wing. This species seems 
to prefer low wet land. The moths fly mostly at or just after 
dark ; they are attracted to light in large numbers but, as in most 
species, the majority taken are males.{ 


* Bulletin No. XIV, Delaware Agricultural Experiment Station, 
| This is true of all the species studied. 


“ {H. Osborn records a predominance of females loaded with eggs. Insect 
Life, Vol. VI, No. 2, p. 72. 
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TRAP LANTERN RECORD. C. inéerminellus, 1889. 


Ee 

June. July. a 2 

I 4l|5|6|8 rols3| 2x3 24[35|36|07 18 x9}20|20/25|27 2|5|6[7|8| [roi fap. = 
ib echbehthcrchh Litackht 

Males. . 1/3 |8|3 E/5|tr}r}t)4|r aR 4)t) |2|t/5/3)3)2/2 t 1 |69| 

Females. | 3) | | | EIS \3) | | |? k | |2 I ‘| 19 


The period of flight extends through June and July ; individu- 
als have been taken as late as September 30. This long period 
of flight indicates great irregularity in time of breeding, but this 
does not necessarily imply more than one generation a year. 

This species is quite prolific; one female laid one hundred and 
fifty eggs after capture and confinement ina vial. From obser- 
vation of other species the average is probably between three and 
four hundred and one might expect to find individuals laying over 
five hundred eggs. When first laid the eggs are of a pale yellow- 
ish color ; they gradually turn to an orange buff color and hatch 
inabout eight days. The larvze begin to feed soon after hatching. 
Their favorite position is in the axil of a leaf, where they eat the 
soft parenchyma. Even when but a few days old the larve eat 
most voraciously. When the larve are about a week old they 
begin to spin webs in the axils of the leaves; frequently several 
leaves are fastened together, in the midst of which the larve feed. 
When grass is not to be had the larvz will feed upon sheep sor- 
rel (Rumex acetosella). About a month after hatch- 
ing, the last of September, the larvz begin to con- 
struct cylindrical perpendicular nests near the sur- 
face of the soil (Fig. 5). These nests are usually 
attached to one or more stalks of grass. The out- 
side of the nest is covered with finely chewed bits 
of grass, while the inside is smoothly lined with 
silk. The nests are about a quarter of an inch long 
2 “ and about one-sixteenth of an inch in diameter. 
Fic. 5—Nest of A little later the nests are strengthened by the 

aresiins. cn. addition of more grass tothe outside. Occasionally 
Ti a large piece of grass is woven into the side of the 
nest, but usually the pieces are small and of nearly equal size. 
As cold weather approaches, about November ist, the larve 
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retire for the winter. The most of them close their nests with 
bits of grass before hibernating. Some of the nests have an 
underground chamber and passage way, which may allow the exit 
of the larvee during mild days and also give access to the roots of 
the grass. 

According to Dr. Lintner* the larvee come forth in the spring, 
complete their growth, and pupate in June. The pupa state lasts 
about fifteen days. In this insect there seems to be no delayed 
pup2tion as has been recorded of the Vagabond Crambus. ‘This 
species is very prolific and capable of causing considerable loss. 

Egg.—A cream yellow color when first laid, gradually turning to an 
orange buff color before hatching. Form nearly elliptical ; size .48 by .33 mm. 
The egg-shell has sixteen strong, longitudinal ridges and numerous smaller 
transverse ridges. Pl. XII., Fig. 3. 

Larva, first stage.—Head diameter, .225 mm.; body diameter, .15 mm.; 
length, 1.2mm. Head black, thoracic shield a dark brown; body a trans- 
lucent white with numerous small black tubercles, each tubercle bearing one 
or more light colored hairs. Scattered light hairs occur upon the head. 

When about half grown (late fall) the larva is 2cm. long. The head and 
tubercles are black while the body is a mottled chocolate brown with a black 
stripe extending along the dorsal line. 

Early in the spring the larva is about 3. cm. long. The head and thoracic 
shield are of a dark amber color; tubercles of the same color; there is a dull 
pinkish line along the middle line of the back; there are also irregular dark 
wavy subdorsal and lateral lines ; body a pale straw color. 

Pupa.—Thorax and head brown; abdomen rufous; spiracles dark brown ; 
length about 2 cm. 

Cocoon.—Oval, composed of a thick layer of bits of grass with particles of 
soil adhering to the outside. Inside, the cocoon is smooth and thinly lined 
with silk. The cocoon was made just below the surface. 


5- THE DARK SPOTTED CRAMBUS. 
Crambus mutabilis. ° 
PLATES +1, Vy; Malla, 5 Edges 


This species may be recognized by the dark spot near the 
middle of the slaty fore wing. ‘There is also a dark subterminal 
line, which is usually rubbed so as to give the appearance of a 
second dark spot. This insect is larger than the Sooty Crambus 
and may be readily reeognized by the pectinate antennz of the 


* First Report on Insects of New York, 1882, p. 149. 
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male. The moths fly in the latter part of the afternoon and in 
the early evening. The species is confined to low or damp land; 
they are also attracted to lights. 


TRAP LANTERN RECORD. C. mutadbilis, 1889. 


June. July. August. |Sep.| Total. 
Fs hole | Bod 
4] 5) 7 |20)12)14|15)16|17|18}19| 5 | 6 | 7 | 8 |ro\12|13)14 17)22)15|19 24) 5) 8 
jc eb ea) a Pll ies el est aa al eel (a ae a |p 
| | 
Males... .../1/1)r)/r/1/2)1/4) 2/1) 1/1) 1/1) 2)2/2\ 1/1 eae. 36 
| 
Females .. I a2 | I | | 5 
| 


This table shows that the adults fly through June, July, 
August, and into September. A similar record for 1892 is given 
by the single trap-lantern run that season, ‘This is an exception- 
ally long breeding season. There may possibly be two genera- 
tions in a year, but the weight of evidence seems against it. 

The period of oviposition extends over a week or more. One 
female laid two hundred eggs the day after being taken, two 
hundred the next day, and one hundred the third day; at the 
end of a week she died, having laid seven hundred and twenty- 
five eggs after capture. Observation shows this is probably 
above the average. The eggs are a creamy white color when 
first laid but they soon change toa bright rufous color, and hatch 
in about ten days. All the moths laid a very large number of 
eggs, but the larve died soon after hatching; this seems to be 
the weak point in the life-history of this species. 

£gg.—Creamy white when first laid, gradually turning to an orange 
rufous color before hatching. Form elliptical oval; size .51 by .36 mm. 
The egg-shell has sixteen longitudinal ridges and numerous small transverse 
ridges. 

Larva, first stage.—Head diameter .18 mm.; body diameter .15 mm.; length 
I.Imm. Head pale yellowish with a sprinkling of sooty specks ;* body a 
rather sooty semi-transparent white with irregular rufous blotches along the 
dorsum; scattered dark colored hairs occur on the head and the body. 


*In descriptions of larvz written in 1892 the head is black and the body considerably 
darker than given above, undoubtedly there is some variation. 
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7. THE BLUE Grass Worm. 
Crambus teterrellus. 
PLATES 15; VL, Sis, ieee 


This species has not been found in Ithaca, although it occurs 
in New York State. The moth may be recognized by its dark 
yellow color, the silvery subterminal line bordered by dark rufous, 
and by the black dots upon the outer margin at the tips of the 
veins. In Missouri this species is reported to outnumber all the 
other species of Crambus. The moths are most abundant about 
the first of August. The eggs are salmon color. The larve are 
a dingy white, and are found in galleries of fine white web in the 
grass. ‘The web and the grass near by become sprinkled with the’ 
castings. Inthe dry weather of August and September larvee 
were found on withered portions of a lawn, and they were evi- 
dently responsible to a considerable degree for the faded appear- 
ance and scanty growth of the blue grass during the latter part 
of the summer. 

Miss Murtfeldt says:* ‘‘ The growth of the larvae was very 
slow and seemingly out of all proportion to the amount of web 
tubing constructed. A single larva, not more than one-third of 
an inch long, seemed to require for its domicile a gallery of 2 to 
2% inches in length and with a diameter two or three times its 
own. ‘The upper part of this tube would be exceedingly diaph- 
anous, but as it descended more and more of the frass was inter- 
mingled until at the base it became quite compact. During the 
day the larva rested quietly in this retreat, but at night it 
emerged and fed upon the freshest of the contiguous blades. So 
far as I could ascertain it seldom or never cut through the stalk 
or bored up or down through the heart of the plant. 

The larvee seemed to attain maturity from the middle to the 
last of September, after which they rested quietly for some time 
in their galleries, without inclosing themselves in more protective 
cocoons.”’ 

This apparent maturity was probably the cessation of active 
feeding, preparatory to hibernating. As the adults do not fly till 


* Miss Murtfeldt, Bulletin No. 30, U.S. Department Agriculture, Entomo- 
logical Division, p. 53. 
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August, it is probable that the larve hibernate when partially 
grown and complete their growth in the spring. 

Later, in the jar containing specimens collected at various ages 
from the lawn, Miss Murtfeldt ‘‘ found the remains of two or three 
hymenopterous parasites and four cocoons of the characteristic 
form, color and structure of Meteorus, closely resembling those of. 
M. hyphantriz.’’ 

Fgg.—Obconical 0.5 mm. long, beautifully sculptured under the lens, 
with longitudinal ridges and finer cross lines, giving ita checkered appear- 
ance. Color, bright salmon pink. 

Larva.—At first of a dingy cream white, minutely speckled with brown, 
with brown head. 

At maturity 15 mm. in length, by 2 mm. in diameter, subcylindrical, 
slightly larger across thoracic segments. Color yellowish or greenish white, 
with dull green medio-dorsal stripe. The surface is much roughened with 
impressed lines, with conspicuous, raised corneous plates, from each of which 
rises a long, coarse, tapering yellow golden hair. Head with protruding 
lobes and rugose surface and of a dull whity brown color. Cervical shield 
inconspicuous, darker than the head. 

(These descriptions of the egg and larvee are quoted from Miss Murdfeldt’s 
account. ) 

8. THE Rustic CRAMBUS. 


Crambus ruricolellus, 
PEATES Il... Vi.,-=., XIIT.; Fig, (8. 


In 1892, this species was very abundant in Ithaca, N. Y., flying 
with, and to the casual observer, appearing the same as the Vaga- 
bond Crambus. The two species are very similar, especially when 
the specimens are somewhat rubbed. The Rustic Crambus has 
two irregular oblique rufous markings on the fore wing, while the 
Vagabond Crambus has no design upon the fore wings. This species 
is most abundant around damp places and near forests. The 
moths fly mostly on the early evening, though in dark or shady 
places they are quite abundant in the afternoon. At times they 
emerged in swarms, so one sweep of the net captured three or 
four individuals. The period of flight is limited mostly to the 
month of August. They are not attracted to lights in large 
numbers. 
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TRapP LANTERN RECORD. C. ruricolellus, 1889. 


August. Septem- 
as Totals. 
16 23 24 25 29 30 I 
| ra er AAT ai a a td ko aoe A cael 7. ane 
Maley 7 ctost reste se I 2 4 I 2 ge I 12 
HMemales. os icsccs 3 3 


As in most species, a large preponderance of males is here 
noticeable. - 

When first laid the eggs are creamy white in color; they grad- 
ually turn to an orange buff color, and hatch in about twelve 
days. The young larva has a black head and a brick red body. 


For about ten days the larvez appeared to eat very little; possibly — 


they did not like young timothy (Phleum praetensis). After a 
time the grass was eaten with avidity ; clover was left untouched, 
while sheep sorrel (Rumex acetosella) was eaten. When not feeding 
the larvee remained close to the stalks of grass or attempted to 
hide under the sheath. Where there is old growth the larve 
frequently bore through the stalks or leaves ; in these places they 
soon spin a web which conceals them more or less completely. 
When disturbed the larve coil into a helix if on a leaf; if close to 
a good retreat they quickly disappear among the grass stalks. 
As cold weather comes on the larve feed more during the day. 
Late in the season, about the middle of October, the larvee disap- 
pear from the leaves and the base of the stalks, and construct 
snug retreats just under the surface of the soil. The soil is pushed 
up into a crumbly mound under which the larva forms a silk-lined 
cavity. The entrance to these nests is usually by a tunnel or 
covered passage way about half an inch long. The nests are fre- 
quently constructed around the base of several stalks of grass, 
which the larvee eat off at their leisure. These nests were made 
among young grass where there were no dead leaves, ete. In old 
sod similar nests are constructed, except that the outside of the 
nest is strengthened with bits of grass and other material. As 
the season advances the larvze become darker colored till their 
bodies are almost a brownish black. On the approach of cold 
weather the larvze feed less and less and finally retire for the 
winter; at this time they average about one-fourth of an inch 
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long. The larvee failed to survive the winter, and, as this insect 
is closely related to the Vagabond Crambus, the remainder of 
its life history is probably very similar. 

£gg.—Creamy white when first laid, gradually turning to an orange buff 
color before hatching. Form elliptical oval; size .41 by .33 mm. The egg- 
shell has twenty longitudinal ridges and numerous smaller transverse ridges. 
Pl. XIL., Fig. 8. 

Larva, first stage.—Wead diameter .225 mm.; body diameter .175 mm. ; 
length 1.2mm. Head nearly black; thoracic shield a dark reddish brown ; 
body whitish translucent with many pale rufous spots on the dorsum of the 
fifth to the twelfth segments inclusive. Scattered dark colored hairs occur 
on the head and body. 

Late in the fall the head and thoracic shield are almost black, the pale 
rufous spots have developed into dark brown tubercles, and the body has 
become deep brown. 


g. THE VAGABOND CRAMBUS. 
Crambus vulgivagellus. 
PESTHS TT. VIi.,, KIL, KLIT:, Picso: 


This insect is a very ordinary appearing moth. The fore wings 
are a dull yellowish color flecked with black and with black dots 
on the outer margin at the tips of the veins. The labial palpi 
are very long and are flecked with black. ‘The rest of the insect 
is of a more or less yellowish gray color. In spite of its com- 
monplace appearance, this insect is very interesting economically. 

The adults fly about dusk during the latter part of August and 
the first half of September. 


TRAP LANTERN RECORD. C. vulgivagellus, 1889. 


August. September. 
| Ta | | [alee | Totals. 
Ig|20 23) Ley 27 |. 29/30 ail I | ts 4\5 8 | 9 |10) vil bie ae 18 
__ SOS SSE eee AS EALG Te 
age rial hele 
Males . . | 2|2/12/6/3/4|2|14) 2 51/6/1r1/7/9/3/1/3/3}2/2|2 88 
ea ae 
es | 3} 1 1] 1 3/8 lid 22 
| | 


The moths are attracted to light in large numbers, but mostly 
males are taken. In shady places the moths fly more or less dur- 
ing the day. This insect is very prolific; one female laid three 
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hundred and twenty eggs after capture; this is probably below 
the average number, as her abdomen was but moderately dis- 
tended with eggs. 

When first laid the eggs are a pale yellow color, but they grad- 
ually turn to a more or less deep rufous color, and hatch in from 
sixteen to thirty days, the time varying with conditions. While 
young the larvee may usually be seen coiled up on a leaf in plain 
sight when not feeding; if disturbed, they remain quiet for a 
minute and then try to escape or they may drop at once bya 


thread of silk. Ascold weather comes on the larve feed mostly © 


during the day; occasionally they may be seen feeding in the 
early morning. When very young they eat only the soft paren- 
chyma of the leaf, later the whole leaf is devoured. They feed 
mostly upon grass, though they will eat small grains. This 
species was bred in the hollow flower stalk of a species of wild 
parsley,* by H. G. Hubbard. The larve seemed to have fed 
mostly upon the soft pith. The pupz were inclosed in a finely 
spun thin cocoon and frass was thickly strewn over the cocoon. 

According to Dr. Lintner,? the larvae commence feeding in the 
spring with the starting of the grass. They feed principally by 
night and remain in a cylindrical tube composed of silk and bits 
of grass, when not feeding. 

Dr. Lintner says: ‘‘The depredations, when serious, are con- 
spicuously noticeable when the larvze are about three-fourths 
grown—about the middle of May. 

When nearly mature the larve from some unknown cause, con- 
gregate in immense numbers on the trunks of trees near the 
ground. 

When mature, about the 25th of May, they abandon their green 
cases, and build long cylindrical earthen cocoons, placed upright 
in the ground just beneath the surface. 

The larve remain unchanged in the cocoons for two months or 
more, through June and July, when they transform to pupe. 
The pupa state continues about two weeks.”’ 

Natural enemies.—Of the true parasites there are Lampronata 
frigida Cress., an Ichneumon Fly; Cvyptus mundus Prov.; 


* See label in Museum of Comparative Zoology, Cambridge, Mass. 
+ First Report on Insects of New York, 1882, p. 144. 
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Perilampus violaceous Dalm., a Chalcid; and also a species of 
Tachina, a fly. 

Besides the true parasites a number of predaceous insects have 
been observed to prey upon this species of Cvambus. Most 
prominent of these are a number of Carabid or Ground Beetles 
and several species of ants. 

L£gg.—A pale straw color when first laid, gradually turning to an ochra- 
ceous buff color before hatching. ,Form elliptical oval; size .45 mm. by 36 
mm. The egg-shell has twenty longitudinal ridges and numerous smaller 
transverse ridges. Pl. XII., Fig. 9. 

Larva, first stage.—Head diameter .19 mm.; body diameter .175 mm.; 
length 1.25mm, Head a dark brown ; thoracic shield olive, and the body a 
straw yellow color. Scattered light colored hairs occur on the head and on 
the numerous small brownish tubercles on the body. 

Larva, late in the fall.—2.5 mm.long. Head jet black; thoracic shield a deep 
- brown ; body brown with deep brown tubercles. The fifth to thirteenth seg- 
ments inclusive are divided into cephalic and caudal portions by a short 
transverse constriction. 


11. LeEAcH’s CRAMBUS. 


Crambus leachellus. 
PUATHS) is, VIL, Ii; KIT. Pigs 111. 


While not very abundant, this species has a wide distribution, 
having been taken in Illinois, Pennsylvania, Texas, New York, 
and Venezuela. It probably occurs in most of the United States 
and in corresponding latitudes in South America. The species is 
easily recognized by the silvery white stripe in the middle of the 
dull rufous fore wing ; the stripe extends almost to the tip of the 
wing. The adults fly mostly in the late afternoon and during the 
early evening. They are attracted to light. 


TRAP LANTERN RECORD. C. leachellus, 1889. 


June. July 
| Total. 
ay l | 
{ 
I Io | 13 14 16 6 | 8 | 9 
ees | ee | es | ES | ES | =—— | —s 
Male ........ I I I I I I 6 
| 
Female ..... I I | | | | 2 


The table and observations in'the field show that this insect has 
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no sharply defined period of flight. A few individuals may be 
found almost any time in June or July. 

The egg state of this species is of special interest because it 
exhibits some of the most marked changes in color. When first 
laid the eggs are a creamy white color ; within twenty-four hours 
they change toa scarlet and the next twenty-four hours the color 
deepens to a geranium red. After the second day the eggs change 
but little incolor. ‘They hatch in about ten days. As the egg- 
shell is very thin the black head of the embryo shows through it 
with great distinctness. Soon after hatching the 
larvee begin to feed most voraciousiy. Slight 
nests (Fig. 6) are spun on the blades of grass 


FIG. 6.— Nest of ; f : 
larva. C. leack- under which the larve retires when not feeding. 


Eig Others spin a web in the axils of the leaves. In 


these nests frass is allowed to collect. As the larvze become larger 
they build the more typical cylindrical nest at the base of the 
stalks of grass; these nests are strengthened on the outside with 
finely chewed bits of grass and they usually extend about half an 
inch below the surface. As the larve continue to grow the nests 
are built anew or enlarged and at this period the larvee adopt the 
cut-worm habit and eat off blades of grass* and draw one end into 
the nest. Some of the nests contained finely chewed bits of green 
grass evenly packed around the inside of the nest. This material 
seemed to serve as reserve food. 

About the first of August the larvee construct a dense hiberna- 
culum. ‘The outside is thickly covered with bits of grass and 
particles of soil, while the inside is smoothly lined with silk. 
The rest of the life history is vet to be worked ont. 


* The writer observed a larva cut off a blade of grass and then pull the end 
down into its nest. The larva ate the blade nearly off and then pulled sey- 
eral times on a free corner but it was unable to tear the piece away ; finally 
after repeated pulling and cutting at the base of the leaf, the larva succeeded 
in tearing loose the prize and fell with it to the ground, the blade lying upon 
the ground. The larva next dragged the base of the leaf to the mouth of its 
nest and then by repeated pulls upon a corner succeeded in bringing the blade 
toa perpendicular position and then in drawing the base of the blade down 
into the nest. The whole was carried on with almost human intelligence ; 
the repeated cutting and pulling reminded me of a man alternately cutting 
and pulling at a tree. 
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Egg.—Creamy white in color when first laid, quickly changing to a scarlet 
and then to an intense geranium red ; just before hatching the blackish head 
of the embryo shows through the thin shell very distinctly. Form nearly 
oval; size .51mm.by .39 mm. The egg-shell is quite fragile and frequently 
collapses when the larva leaves it. There are twenty-two longitudinal ridges 
and numerous smaller transverse ridges. The circular markings around the 
micropyle are very characteristic Pl. XII., Fig. rr. 

Larva, first stage.—Head diameter .21 mm.; body diameter .18 mm.; 
length 1.mm. Head a brownish black; clypeus yellowish, antenne nearly 
colorless, scattered hairs occur on the head; thoracic ‘shield brown with a 
reddish tinge from the body contents; body a variable red, the color being 
the most intense in the thoracic region; there is a light stigmatal line ; 
tubercles blackish and bearing dark hairs; prolegs almost rudimentary. 

When about a month old the larve are 1.5 cm. long; the head is yellowish 
with irregular black markings ; the body is brown with large blackish tuber- 
cles. When about six weeks old the larvze are 3 cm. long and quite stout; 
the color has not changed. 


14. THE YELLOW STRIPED CRAMBUS. 
Crambus giradellus. 
BHATHS IX), -VIll., XIII:, Big, 14: 


This moth is one of the largest Crambids. The adults may be 
recognized by the rather broad yellow stripe extending through 
the middle of a nearly pure white fore wing. This insect is con- 
fined to high land and is usually found in open fields. The moths 
fly in the afternoon and’ during the early evening. Light seems 
to have little attraction for them; in 1889 only four adults were 
taken in the trap-lanterns. The species is not very abundant, 
though widely distributed. The moths fly the latter part of June 
and more or less during July. Oviposition covers a period of 
from several days to a week ; most of the eggs*being laid during 
the first few days. Observation of other species shows that the 
average female probably lays about four hundred eggs ; one female 
laid two hundred and twenty-five eggs in four days; she had 
doubtless laid some before being captured. The eggs hatch in 
about ten days. The larvee feed upon grass and construct the 
typical Crambid nest. (Fig. 7). 


Egg.—Creamy white when first laid, gradually changing to a bright 
orange color before hatching. Form elliptical oval; size .51 mm. by .33 
mm. The egg-shell has seventeen longitudinal ridges and numerous smaller 
transverse ridges. 
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Larva, first stage.—Head diameter .24 mm.; body diameter .21 mm.; 
length 1.05 mm. Head and thoracic shield a glistening black ; body a red- 
dish straw color; scattered hairsioccur on the head and body; the hairs 
on the body grow from minute tubercles which are concolorous with the 
body. 

When about a month old the larvz are 2.cm. long. Thehead is yellowish 
with irregular brown markings; the body isa slate color with brown tub-- 
ercles. 


15. THE Prerry CRAMBUS. 
Crambus elegans. 
PLATES Lil.,. VII.) XL.0 iyi 


This insect is a very pretty little moth. When the wings are 
folded it is readily recognized by the brown horse-shoe shaped 
mark upon the center of its back. The whole insect is marked 
in a rather irregular manner with brown on a white background. 
This species is not very abundant, yet by no means rare; it is 
quite generally distributed over the United States. It is found 
almost entirely upon high land and is frequently quite abundant 
near wet springy places. The moths fly mostly in the latter part . 
of the afternoon and in the early evening. ‘Though this insect is 
quite common in Ithaca, none were taken in the trap-lanterns. 
In Ithaca the adults fly during the most of July and the first half 
of August. They fly slower than most species and with a more 
irregular flight; their movement is so characteristic as to be 
easily recognized. The eggs hatch in from twelve to fourteen 
days. 

Egg.—Creamy white when first laid, gradually turning to an orange buff 
color before hatching. Form oval ; size .42mm. by .30 mm. The egg-shell has 
sixteen longitudinal ridges and numerous smaller transverse ridges. Pl. XIL., 
Fig. 15. 

Larva, first stage.—Head diameter .2 mm.; body diameter .125 mm.; 
length I.o9 mm. MHead and thoracic shield light brown; body a dirty straw 
color. Scattered hairs occur on the head and body. 


18. THE UNMARKED CRAMBUS. 
Crambus tnnotatellus. 


PLATES IIl., 1X., XIl., XIV. eae: 


This species is not very abundant around Ithaca, only one 
female being takenin 1892. None were taken in the trap-lanterns. 
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The few taken were captured in the early afternoon. ‘This species 
has been taken in Maine, New Hampshire, and New York. The 
eggs hatch in about two weeks. 

Egg.—Creamy white when first laid, gradually changing to a scarlet color 
before hatching. Form elliptical oval; size.45 mm. by .36 mm, The egg- 


shell has sixteen longitudinal ridges and numerous smaller transverse ridges, 
Pl. XII., Fig. 18. 

Larva, first stage.—Head diameter .19 mm.; body diameter .15 mm.; 
length 1.05 mm. Body a dull straw color with irregular reddish blotches on 
the dorsum. Scattered light colored hairs occur on the head and body. 


19. THE GARDEN CRAMBUS. 
Crambus topiarius. 
BLATES IIl,, (X., XIl.; S1V., Pig. 19. 


This species may be recognized by its small size and its linear 
markings of yellow and silver gray combined with short black 
lines and dots. This insect fliesin large numbers with the White 
Crambus; the period of flight is practically limited to the month 
of July. : 


TRAP LANTERN RECORD. C. topiarius, 1889. 


: . : : | Totals. 

5|7|8|9| 10 12 rs | m4 | 35 | 27 18 26 28 
= = 

Males ...| 2 |11 7) 7 I uy 7 | 4 | = ae: I rel <50004 
Females 3 | | | | a | BalMg 8 | 


This species flies most of the afternoon, and considerably after 
dusk as indicated by the trap-lantern record. This insect occurs 
on both high and low land, though not common in wet places. 
It is one of the most common Crambids in New York. 

The species is very prolific; one female laid seven hundred 
eggs, three hundred being laid the first day. This is undoubt- 
edly above the average. ‘The eggs hatchinabouttendays. The 
young larvae are very active and strong ; they soon begin to con- 
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struct the typical cylindrical nest (Fig. 7), composed of web and 
an outer layer of bits of dry grass. The bitsof grass are cut with 
great regularity, being about 2 mm. by 75 mm. 
In these nests the larvae retire when not feeding. 
The larvae feed upon the common grasses. Some 
were observed to eat considerable sheep sorrel 
(Rumex acetosella). The larvae feed mostly at night 
and occasionally a blade of grass was cut off and 
the end drawn into a nest. Ascold weather came 
on the larvae became more dormant, the nests 
were made thicker, and finally in November the * = 


tops of the nests were closed. The winter is passed Fic. 7—Nest of © 


: larva. C.to- 
in the larva state. Inthe spring the larvae com- g7ayius. en- 


plete their growth and then transform, and emerge ‘”*°* 
in July. 

Egg.—Creamy white when first laid, gradually turning to a pinkish red 
color before hatching. Form elliptical oval; size.4o mm. by.30mm. The 
egg shell has twenty longitudinal ridges and numerous small transverse ridges. 
Pl. XII; Fig. 19. 

Larva, first stage.—Head diameter .2 mm.; body diameter .125 mm.; 
length .99 mm. General color a smutty white; head a little darker than the 
rest of the body. Scattered dark hairs occur on the head; numerous small 
dark colored tubercles occur on the body, each bearing at least one hair 


20: THE WHITE CRAMBUS. 
Crambus albellus. 


PLATES IIl., [X:, XII., XIvV., Bigger 


This insect may be recognized by its white color with a few 
pale oblique markings, and by itssmallsize. The adults fly the 
greater part of June and July. They fly mostly in the latter part 
of the afternoon and more or less during the whole of cloudy days. 
They rarely fly at twilight and therefore are not attracted to 
lights. During the two seasons trap lanterns were run by the 
Experiment Station only two males were taken. When found in 
the grass the moths rarely attempt to fly, but remain quiet till 
there is an opening, when they quickly glide out of sight among 
the dead grass. This insect is confined almost exclusively to 
high, rather dry land; they are most abundant in open fields. 
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The eggs hatch in about tendays. The young larvae soon con- 
struct cylindrical nests (Fig. 8), which are mostly 
above ground and are lined with silk, while the 
outside is strengthened with irregular bits of grass 
or particles of soil. The larvae remain in these 
retreats when not feeding, and frass is allowed to 
collect at the bottom of the nests. If a larva is 
removed from its nest it soon constructs another. 
Several larvae were observed to voluntarily forsake | 
their nests and build elsewhere, which was prob- 
ably due to the accumulation of frass in the old Satine ia 
nest. The larvae feed mostly upon the common /“*: °”/478¢-4¢ 
grasses. Ascold weather advances the nests are built higher and 
more grass or other material is fastened to the outside of the 
nests. Finally, in November, just before retiring for the winter, 
the larvae close the tops of their nests with grass and a web, and 
hibernate in these retreats. 

Egg.—Creamy white when first laid, gradually turning to a pale straw 
color before hatching. Form nearly oval; size .39 mm. by .33 mm. The 
egg-shell has eighteen longitudinal ridges and numerous smaller transverse 
ridges. Pl. XII., Fig. 20. 

Larva, first stage.—Head diamter .175 mm.; body diameter .125 mm.; 
length .75 mm. General color a smutty white, head darker, and thoracic 
shield a little darker than the body. Scattered brown hairs occur on the 
head ; rows of numerous small tubercles occur on the body. Fig. 4. 


24. THE WHITE STRIPED CRAMBUS. 
Crambus alboclavellus. 
PLATES IV., X., XIV., Fig. 24. 


This species is very common in Ithaca. The moths fly mostly 
the latter part of the afternoon and during cloudy days ; they do 
not fly much after dark, as the trap-lantern record shows. 

TRAP LANTERN RECORD. C. alboclavellus, 1889. 


July. 
ae EF. Total. 
4 17 18 22 24 
Males. se. .soessscesee eels 2° at 2 2 9 
MGHIBIES .....2.0.5-0. I I 
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The moths fly mostly during July and the first half of August. 
This insect is one of the larger Crambids and is easily recognized 
by the broad white stripe near the edge of the wing. This stripe 
is broken by an oblique rufous line near the outer third of the 
wing ; and the basal half of the stripe is divided longitudinally by 
a faint yellowish line. This species is quite prolific; one female 
has been known to lay five hundred and twenty-five eggs. The 
eggs hatch in about ten days. 

The voung larvae are strong and begin to feed at once. They 
soon construct nests of the typical form. (Fig. 7.) As the larvae 
grow older their straw colored bodies become darker till in Septem- 
ber they are a mottled dark brown. Early in November the larvae 
close their nests and retire for the winter. In the spring the 
larvae complete their growth, pupate, and emerge as adults in 
July. 

Lgg.—Creamy white when first laid, gradually turning to an orange buff 
color before hatching. Form elliptical oval; size .42 mm. by .33 mm. 
There are about sixteen longitudinal ridges and numerous smaller transverse 
ridges. 

Larva, first stage.—Head diameter .225 mm.; body diameter .14 mm.; 
length .625 mm. Head a deep brown, thoracic shield a lighter brown; body 
a straw color with a reddish mark along the middle of the back from the 
fourth to the ninth segments inclusive. Scattered light colored hairs occur 
on the head and body. 


25. THE FLOWERY CRAMBUS. 
Crambus floridus. 
PLATES V1., K;, BiV., ieee 


This species resembles in a general way the White Striped 
Crambus, yet it is quite different in some respects. It may be 
recognized by the narrower white stripe along the costal edge of 
the narrower fore wing; the stripe is not broken near the tip nor 
is it divided longitudinally. The tip of the fore wing is also 
more pointed and the outer margin more strongly curved than in 
the White Striped Crambus. The moths fly the latter part of the 
afternoon and during the early evening. 
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TRAP-LANTERN RECORD. C. floridus, 1889. 


June. | July. | 
al “at 7 | Totals. 
TOMO re TAN ex | 17) |r 5 ro. | 22 | 26 | 
a | eS re (Pe (OR (ees ee 
| | 
Males.......... “le at eal bac a fas fe i al Pe aR I 10471 
| | } | 
Females......... I | I 
| | 


The moths fly the greater part of June and July, though they 
‘are not abundant at any time. The insect is confined to high, 
rather dry land. 

The species does not seem to be very prolific. The eggs hatch 
in about ten days. The young larve eat holes through the 
leaves or feed upon the edge of a leaf. In about two weeks the 
body becomes a dark mottled brown. At this time they establish 
themselves in the axil of a leaf or upon its flat surface; here they 
spin a slight web and soon construct a nest with an outer layer of 
bits of grass. The larve remain in these retreats when not 
feeding. 

Egg.—Creamy white when first laid, gradually turning to a dark scarlet 
color before hatching. Form elliptical oval; size .39 mm. by .30 mm. 
The egg-shell has sixteen feeble longitudinal ridges and numerous smaller 
transverse ridges. 

Larva, first stage.—Head diameter .21 mm.; body diameter .15 mm.; 
length 1.15 mm. Head black, labrum yellowish, scattered hairs occur on 
the head ; thoracic shield a dark brown ; body a straw color with fine reddish 
blotches giving it a pinkish cast. Scattered hairs grow from small dark 
tubercles. 

When about two weeks old the body is a dark mottled brown. Whena 
month old the larva is 1 cm. long. 


26. THE PANELED CRAMBUS. 
Crambus laqueatellus. 
PLATES IV., XI., XII., XIII., Fig. 26. 


This species was very abundant in Ithaca in 1893. It is one of 
our largest species. The moth may be recognized by the two 
white stripes extending the greater length of the fore wing and 
separated by a brown stripe of almost equal width. The ground 
color of the fore wing is brown. This insect is equally abundant 
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upon low as upon high ground, though the period of flight is 
longer on high ground. The moths fly more or less during the 
whole afternoon and during the early evening. During the early 
part of the afternoon mostly males are taken, while toward dark 
females are more abundant, 


TRAP LANTERN RECORD. C. lagueatellus, 1889. 


May. | June. 

Total. 
20} 24| 26] 2! 3] 4] 5| 6| 7| 8] 9| x0) x1] 14] 15] 16] 17] 24 

| | | | | | 

| | } | | 

| Males. ........ Dy) Cee Saeanes 212 I 2 Oe a bet 26 
| | | | | 

1 

Females..... I | bee ge 3| |2|2\rl4l6l5|3i1 29 
| 


This is the only species of Cyvambus where the number of 
females taken in a trap-lantern has exceeded the number of males. 
At first thought the trap-lantern would appear to be of use in 
checking the increase of this insect, but of all the females taken 
only one was heavy with eggs. The females seem to possess 
more vitality than those of other species. This insect is quite 
prolific ; several of the females taken laid over two hundred eggs 
each, this is probably below the average, 

The eggs hatch in about twelve days. The larve were quite 
active, but refused to feed upon timothy and therefore died, 

Egg.—Creamy white when first laid, gradually turning to an orange color 
before hatching. Form subcylindrical; size .42 mm. by .30 mm. There 
are sixteen longitudinal ridges and numerous smaller transverse ridges. PI. 
XII., Fig. 26. 

Larva, first stage.—Head diameter .18 mm.; body diameter .15 mm.; 
length 1.15mm. Head brownish black with whitish hairs ; thoracic shield 
a light brown ;ibody mottled with pale bright red and bearing blackish tuber- 
cles. 


ON THE AFFINITIES OF SPECIES. 


As might be expected of a large genus, Craméus includes sev- 
eral distinct lines of development. In attempting to trace the 
lines of specialization, the modifications of each organ should 
receive due consideration. We should go further than that and 
take into consideration the causes that have led to these modifica- 
tions. 


7 
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Before attempting to seek the cause of specialization, it may be 
well to ascertain just what has occurred within generic lines. In 
this study, based as itis on less than half of the North American 
species, one can hardly expect to find unbroken lines of develop- 
ment. Weshould expect to find gaps in the living forms and 
much larger ones when only a part of these are represented. 
Again, the larger the gaps, the greater the liability to error. In 
this study we shall assume that the better an organ is fitted to 
perform its functions the more highly specialized it is and, con- 
versely, there may bea specialization by reduction as when an 
organ becomes useless and there is a reduction of the superfluous 
part. 

The most strikingand at the same time most superficial specific 
characteristics are the markings. As in many other groups of 
moths, we find that the most generalized species have a rather 
somber gray or yellow color with indistinct markings. The 
species studied may be divided into two very natural divisions on 
color alone. ‘The grayish or dark colored species form a very 
natural division, the Caliginosellus Division. Later we shall see 
this division is united by strong structual affinities. The rest of 
the species are yellowish in color or of a color that may be derived 
from the yellow, and these represent an entirely different line of 
development, the Luteolellus Division. The lowest species of 
this division is C. /uteolellus, which stands just below C. calig- 
inosellus and is closely related to this species; the two probably 
having sprung from a common ancestor. This division may be 
divided into groups on color and no violence be done to structual 
affinities. The first group, the Decorellus Group, consists of yel- 
lowish moths with few or no markings. Next we might separate 
the Unistriatellus Group by the broad white stripe ona rufous 
fore wing. But as we attempt to classify the more specialized 
forms on maculation, we find the variation in color has increased 
more than structual variations and therefore our conclusions are 
at fault. In the more specialized forms the tendency to acquire 
adaptional colors has been greatly increased ; consequently color 
may be a quite reliable systematic character in the more gen- 
eralized species, but it is not in the more specialized forms. 

In the venation there are considerable variations. These varia- 
tions are useful in indicating the relative degree of specialization 
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of the different forms, but it is more in degree than in kind. In 
the antennze there are some specializations and in two species this 
has been carried to a remarkable extent. In the labial palpi and 
the other mouth parts there are some modifications but they are 
of no great systematic value. The relative size of the species is 
of some value. The more generalized species seem to have a cer- 
tain medium size from which the more specialized forms have 
varied each way. In the exterior genital organs there are great 
variations in form and these are of considerable value in tracing 
the phylogeny of the species. With the genitalia as the main 
witnesses and the other organs as subordinate witnesses, we will 
attempt to trace the affinities of the species. For the general plan 
of classification see the synoptical table. 

1. The most generalized type is seen in C. /uteolellus. PlatesI., 
V.,XIII., Fig. 1. The valveis elongate,ovalin cross section and 
thickly covered with rather short hairs. The harpe is more 
chitinous and bears a dense row of rather short hairs. In the 
primitive Crambus the clasps were probably similar independent 
organs. In this species the uncus is longer than the lower limb, 
which is more slender. The scaphium is long and keel-shaped. 
From this simple type of genitalia there have been wide devia- 
tions along several lines. This species has the somber yellow 
color and the medium size of a generalized Crambid. The wings 
are rather broad and the veins branch nearer the base of the 
wings than in most species. The antennz and palps exhibit 
little specialization. This insect is more closely related to the 
progenitors of the many species now living than any other form 
studied. Structurally, this insect is closely related to the 
Caliginosellus Division, but its color connects it with the lighter 
colored moths. As color in these more generalized species seems 
to be a quite reliable character, it may be allowed that C. /uteo- 
/ellus is not the progenitor of the Caliginosellus Division but that 
the separation occurred in a more primitive form. Therefore 
C. luteolellus, while being the most generalized species studied, is 
most closely related to the insect through which the more special- 
ized forms have come. 

The Caliginosellus Division.—Plates I., V., XII., XIII., Fig- 
ures 2-5. 

2. Crambus caliginosellus. Structurally this insect is most 
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closely related to C. /uteolellus and can be separated only on the 
form of the scaphium, the form of the other organs being almost 
identical. Its dark color places it in this division and from this 
form the others are readily derived. 

3. Crambus interminellus. This species is more specialized 
than the preceding as.is shown by the narrower fore wing and by 
the larger size. The antennze are somewhat specialized, the 
joints in the male becoming shorter and broader, while in the 
female a large seta has been developed on each joint ; in both 
sexes the setzee upon the edge are shorter and finer than in the 
preceding species. The clasps retain the more primitive form 
but have become firmly anchylosed at the base, and an accessory 
spine has been developed. The genital plate is smooth and oval 
quite different from that of C. caliginosellus, showing that the 
species did not come directly from C. caliginosellus but in all pro- 
bability from a more primitive form. 

4. Crambus hulstellus. In this species the narrowing of the 
fore wing has been carried to a much greater extent and the veins 
branch much farther from the base of the wing. The female 
antennze exhibit a degree of specialization while the male anten- 
nz are highly specialized. The clasps depart somewhat from the 
primitive type and are not firmly anchylosed. This departure 
from the type seems correllated with a lightening in color and a 
greater distinctness in the markings. The uncus has become 
somewhat shortened and a distinct hook has been developed. 
The genital plate, though more specialized, shows a close relation- 
ship to C. caliginosellus. 

5. Crambus mutabilis. Though the fore wings are broader 
than in the two preceding species, this insect is the most highly 
specialized of the division. The broadening of the wing, in this 
case, is a secondary development, and has followed as a conse- 
quence of the highly specialized male antennze. When the an- 
tennze became so efficient probably the wings became of secondary 
importance and consequently the process of narrowing stopped 
and a retrogression began. In due time the same thing will prob- 
ably occur in C. hulstellus. The valve has retained its more 
primitive form, but the harpe has been reduced to a very efficient 
spine. Correlated with the efficiency of the harpe, a reduction 
of the uncus has taken place. The twomembers of the scaphium 
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have become sickle-shaped. ‘The genital plate has nearly the 
rounded form of C zxterminellus and this species is probably most 
closely related to that form. 

The Luteolellus Division : 

As before stated, C. /uteolellus is placed in this division, but is 
treated of first, because it is the most generalized form of the 
species studied. 

Subdivision I. 

The Decorellus Group.—Plates I., II., VI., XII., XIII., Fig- 
ures 6-9. 

By their larger size and their uniform dull yellow color these 
species are seen to be more specialized forms than have descended 
from C. luteolellus, or allied species, and not from the dark colored 
Caliginosellus Group. In fact all the species of this division 
trace back to C. luteolellus. 

6. Crambus decorellus. This species has a broad generalized 
wing. The antennz are somewhat specialized, the joints being 
shorter and broader than in C. duteolellus. The valves are nearly 
triangular which is a marked departure from the primitive type. 
The harpe is greatly reduced and strongly curved. The uncus 
and the lower limb are well developed, probably because the harpe 
is so reduced and twisted as to be of little use. The scaphium is 
long and deep. 

7. Crambus teterrellus, In this species the fore wing has been 
narrowed. The maleantennz are highly specialized. The valve 
has about the same form as in the preceding species, while the 
harpe has become more specialized by reduction in size and by the 
development of a double recurved hook. In consequence of the 
greater efficiency of the harpe the uncus has been greatly reduced. 
The genital plate has a slight tendency toward irregularity in 
outline. 

8. Crambus ruricolellus. This species and C. vulgivagellus 
represent a line of development where the harpe has been greatly 
reduced and is therefore inefficient ; the uncus has suffered but 
little reduction. The valves are more flattened than in the two 
preceding species. The wing is not so specialized as in C. ¢eferre/- 
/us, but is more specialized than in C. decorellus. The labial palpi 
are longer proportionally than in C. ¢eferrvellus and shorter than 
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in C. vulgivagellus. The twomembers of thescaphium are short 
and nearly sickle-shaped. The genital plate is quite irregular. 

9. Crambus vulgivagellus. The narrower wings and the 
greater development of the labial palpi indicate a higher degree 
of specialization than in the preceding. The antennz are also 
more highly specialized. The harpe has been more reduced, but 
in other respects the genital organs are almost identical. 

The Unistriatellus Group.—Plates II., VII., XII., XIII., Figures 
10-13. The valve has nearly the same form as in C. decorellus, 
but it is more irregular. The harpe has become a stout recurved 
hook in C. uzzstriatellus but in the other species the harpe is more 
reduced. ‘There has been developed at the base of the valve an 
accessory spine. This group was probably separated from a species 
closely allied to C. decorellus. In the Decorellus Group speciali- 
zation has reduced the efficiency of the harpe and left the uncus 
comparatively unmodified. In this group the harpe and the ac- 
cessory spine have become very efficient, while the uncus has 
become very slender. The uncus seems to be exactly alike in the 
four species of this group. 

10. Crambus unistriatellus. This is the most generalized 
species of the group. In the fore wing none of the veins have 
become coalesced and the wing is broader than in the other 
species. ‘The harpe in this group gives no reliable character for 
separating the species. In this species the harpe is strongly re- 
curved and there are three recurved chitinous hooks on the penis. 
The genitalia show a high degree of specialization in some ways 
but the wings place this species as the most generalized. 

11. Crambus leachellus. The fore wing is narrower than in 
the preceding and vein V, and vein V, have coalesced at the base ; 
this has also occurred in the remaining species of this group. 

12. Crambus hastiferellus. ‘The narrowing of the fore wing 
and the coalescense of vein V, and vein V, has been carried still 
further. The genital plate is more specialized than in C. /each- 
ellus. 

13. Crambus prefectellus. This is the most specialized of the 
group as is seen by the still narrower fore wings. 

The Giradellus Group.—Plates IL., IV. VIIL;, x hee 
XIV., Figures 14 and 25. 

14. The two species included in this group are highly specialized 
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forms. The venation of the species is almost exactly the same. 
In C. floridus the wing is a little narrower and the apex is more 
acute. The antennze exhibit about an equal degree of speciali- 
zation. In both species the valves are nearly triangular, while 
the harpe retains the elongate form. An accessory spine has been 
developed, and in C. floridus it is at the apical third, while in C. 
giradellus it is at the base of the valve. The species agree in the 
great reduction of the uncus. If the lower limb be taken as 
unity, the difference in length between the uncus and the lower 
limb will give the amount of the reduction. The reduction of 
the uncus seems to be correlated with the greater efficiency of 
the harpe or of the accessory spine. In C. floridus the uncus 
seems to be double ; both lateral and ventral aspects are figured. 
The genital plates of the females show considerable similarity. 
C. floridus is the more specialized. The form of the valve and 
the accessory spine connects this group with the Unistriatellus 
Group. 

Subdivision [7,—Plates III., VIII., XII.,°XIV., Figures 15, 
16, ang a7. 

This subdivision includes three highly specialized forms, which - 
seem to be tips of as many lines of development. ‘They agree in 
having the harpe highly specialized at or near the tip, 

15. Crambus elegans. "The fore wing is very broad. This 
generalized condition of the wings is correlated with highly 
specialized antennze in both sexes. The tip of the valve is more 
or less oval. The harpe has coalesced at the base with the valve. 
There has been a shortening of the harpe and the accessory spine 
is strongly developed and near the tip of the harpe. Both the 
uncus and the lower limb seem to have suffered reduction. The 
form of the genitalia and of the joints of the antennz seem to 
show a relation between this species and a form allied to C. ¢efer- 
vellus. 

16. Crvambus turbatellus. In this species the fore wing is 
quite generalized. The branches of the veins are all independent 
and arise rather near the base of the wing. The antennz exhibit 
some degree of specialization. In the clasps there is a marked 
divergence. The valves have coalesced mesally and the harpes 
likewise ; the harpes have also become anchylosed with the uncus 
and scaphium. Though the valves are twisted they have the 
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triangular form of C. decorellus. At the base of the valve there is 
a short flattened spine. The harpe has become highly special- 
ized at the tip, there being on its mesal surface many short 
chitinous spines. The uncus has become reduced to a slender 
spine, while the lower limb has suffered little reduction. 

17. Crambus extorralis. ‘This species has no very close affin- 
ities among the species studied. The narrow fore wing indicates 
a high degree of specialization ; all the veins branch near the 
outer margin of the wing. The antenne are highly specialized. 
The primitive elongate form of the clasps connects this species 
with C. Juteolellus. At the base of the valve a rudimentary spine 
occurs and this connects the species with the Unistriatellus 
Group. At the tip of the harpe a pair of curved spines have 
arisen. The uncus has been reduced somewhat, though not 
well shown in the figure. This species stands at what might be 
termed the head of a straight line of development. 

Subdivision III. The Agitatellus Group.—Plates III., IV., IX., 
me Ch. XIL., XIV., Figures 18-27, except figure 25. 

This group represents a line of development from forms in 
which the clasps became broadly and equally developed before 
other morphorlogical changes occurred. This group includes the 
most specialized forms and, as might be expected, great diversity 
in form occurs in the genital organs. 

18. Cvrambus innotatellus. In this species the fore wing is 
rather broad and the veins are independent. The antennz are 
not highly specialized. The clasps are broad and nearly equal. 
Upon the edge of the harpe a row of chitinous processes has been 
developed, which terminates in a stout recurved hook. The 
uncus has been strongly reduced and modified. While the gen- 
italia exhibit considerable specialization, it is what might be 
termed a sidewise development, and from the ancestors of this 
form, or a closely allied species, the next two species have arisen. 
The genital plate has been strongly modified. 

19. Crambus topiarius. The broad fore wing and the inde- 
pendence of most of the veins stamp this species as more general- 
ized than C. albellus. The male genitalia are similar. In each 
the harpe has been reduced very. much. The valves are broad, 
flattened and convex mesally, but in C. fopiarius a tuft of very 


long hairs has been developed at the base of the harpe. Asa 
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consequence of the inefficiency of the harpe the uncus has re- 
mained comparatively unmodified and strong chitinous hooks 
have been developed on the penis. The hooks on the penis are 
undoubtedly correlated with chitinous processes in the vagina. 

20. Crambus albellus. The wings are narrower than in the 
preceding species. Here the strongly reduced harpe is evidently 
correlated with the chitinous processes at the external orifice of 
the vagina. The valve, uncus, and lower limb are about the 
same as in C. fofiavius. Chitinous processes on the penis would 
appear superfluous, as the harpe is made very efficient by the 
processes on the vagina, hence there is no such development as 
occurs in C. fopiarius. The genital plate of the female is more 
specialized than in C. fopzarzus. 

22. Crambus agitatellus. The venation of this species is 
almost the same as in C. zuznotatellus,; the difference being no 
greater than might be expected within specific lines. The clasps 
are nearly equal and are not so specialized as in C. zznofatellus. 
The same is true of the uncus and the genital plate. On the 
penis a stout recurved hook has been developed. The antennze 
are more specialized than in C. zznotatellus. ‘These two species 
possess a nearly equal degree of development. This species is 
placed here because it leads most naturally to the following 
species and they are most closely related to the most specialized 
forms ; it is really the most generalized species of this group. 

23. Crambus minimellus. In this species the fore wings are 
most highly specialized. Radius is but two-branched in the fore 
wing, while media is but two branched in both fore and hind 
wings, vein V, having coalesced to the tip with V,. In this 
species the high degree of specialization exhibited by C.extorralis 
has been carried still further, but along a different line. The sep- 
aration probably occurred below C. agitatellus. The clasps are 
simply modified from C. agztate/lus and for this reason this species 
is placed in this group. Though the wing is the most specialized, 
it seems most natural to place the insect next to C. agitatellus, 
regarding the modifications of the wings as a sidewise develop- 
ment. 

24. Crambus alboclavellus. ‘The fore wing is almost the same 
as C. agittatellus, being only slightly narrower. The antennaeare 
a little more specialized, there being a large seta upon the side of 
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each joint. The tip of the valve has become more oval and the 
harpe has been reduced to a recurved flattened process. A short 
accessory spine occurs but it is very different from the accessory 
spine of the Unistriatellus Group. The uncus is very similar to 
that of C. agztatel/us and like it has suffered little reduction. The 
genital plate is more specialized than in C. agitatellus. 

25. Crambus floridus. See No. 14. 

26. Crambus laqueatellus. ‘This species is undoubtedly a more 
specialized form that has arisen from the progenitors of C. ag7- 
tatellus or a closely allied form. ‘The venation is almost iden- 
tical, though the wing is a little narrower and exhibits a higher 
degree of specialization. The antennae are more specialized. The 
harpe has become shortened and strongly modified; both the spur 
of the harpe and the accessory spine are flattened concave pro- 
cesses, while a chitinous bar extends across the base of the valve. 
The uncus and the lower limb are well developed and closely re- 
semble those of C. agztatcllus, ‘The members of the scaphium are 
loosely united and elongate. The genital plate is highly spe- 
cialized and is similar to C. agztatellus. 

27. Crambus satrapellus. ‘This species has the narrowest fore 
wings and the apex is most prolonged. The veins are independ- 
ent and branch near the margin. The antennae are not very 
highly specialized. The harpe is very efficient as is also the ac- 
cessory spine. The form of these organs connect this species with 
C. laqueatellus. The uncus seems to have disappeared com- 
pletely anda pair of very thick tufts of curved hairs has been devel- 
oped. The other forms studied throw no light upon this singular 
modification. A study of other species will probably throw much 
light on this question. 

Thus far the classification has been based entirely upon mor- 
phological studies. In no case has it been assumed that a species 
has descended directly from any species now living. The refer- 
ring of species to each other was only to indicate relationship ; the 
connecting links between the species have disappeared in all prob- 
ability. Behind these great modifications of the genital organs 
there must be some plan, and if these forms have been rightly in- 
terpreted, we might expect to find some vital relations between 
closely allied species. In short, vital and morphorlogical facts 
should harmonize. 
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A study of the adult moths shows little change except in the 
antennae, wings,and genitalia, but in neither antennae nor wings 
are there variations enough to lead us to regard them as the prime 
characters which separated any species. Jn the immature stages 
there is a great similarity among all the species studied. ‘This 
similarity among the species in both adult and immature stages 
may be explained by the great similarity of habit. So far as is 
known the species of Cramdus are grass insects. Throughout the 
growing season the grass offers practically the same conditions ; 
hence great variation in the organs concerned in the function of 
nutrition could hardly be expected. The species are so small and 
require such a relatively small amount of food, that many indi- 
viduals can exist upon a smallarea. The grassis so open and the 
moths fly so readily that there is little need of highly specialized 
organs to facilitate the finding of a mate; consequently in the 
secondary sexual organs we find a rather uniform degree of devel- 
opment, 

In the male genitala there are great variations. ‘These varia- 
tions may be explained by the almost uniform abundance of food 
throughout the growing season, If grass is kept cut or grazed 
rather close to the ground, as it frequently is in nature, it grows 
throughout the season. Under these conditions the insect that 
fed continously throughout the growing season, and was not 
more destructive at one period than another, would succeed best 
in the struggle for existence. Like many larve, Crambus larve 
are more destructive just as they are completing their growth. A 
genus of insects might become adapted to these conditions by 
having several generations in a season or by breaking up intoa 
number of species, each having a different breeding season. In 
Crambus there are a number of species in a locality breeding once 
a year, but at different times. Among the primitive Crambids 
the abundance of food at other than the usual period of larval 
existence would tend to preserve any variations in the time of 
breeding. Those individuals exhibiting the greatest variations 
in the time of breeding would naturally pair, and should any 
structural variations arise whereby pairing with individuals con- 
forming more closely with the usual breeding time might be ren- 
dered difficult, such variations would be preserved by natural 
selection. A slight variation in the male genitalia might render 
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crossing difficult and in time lead to the separation of a species. 
The great variations in these important organs found in this genus 
lead us to this conclusion. 

The record of species now living shows that variation in the time 
of breeding has most probably occurred in the genus, and is even 
now taking place. C. /aqgueatellus has a compact breeding season 
of about five weeks ; C. zxterminellus has a breeding season ex- 
tending through June and July and with a few individuals ap- 
pearing the latter part of August, while C. mzfadz/is flies through 
June, July, ‘August andinto September. See Time of Flight of 
Species of Crambus. (Table p. 58.) This shows there is great 
variation in the length of the period of flight. If variation in time of 
flight is the first step in the separation of a species, we would expect 
closely allied species to have nearly the same period of flight. 
Secondly, we should expect that only the most specialized forms 
would fly earliest and latest. This is also borne out by the record. 
C. laqueatellus, mutabilis, and C. vulgivagellus are highly spec- 
ialized forms and stand at the heads of different lines of devel- 
opment. The periods of flight of these species diverge most 
widely from the time when the more generalized forms fly. The 
closely allied species of these highly specialized forms have periods 
of flight which overlap the periods of their more specialized 
relatives. 

That variation occurs in the genitalia is shown by members of 
the Unistriatellus Group. With the exception of C. wnzstriatellus, 
I have been unable to separate the species of this group by the 
character of the genitalia. 

The genus Cvambus has been adapted to its environment by a 
multiplication of species, which resemble each other in many 
respects, yet are well separated, as a rule, by variations in the 
male genitalia. A glance at the time of flight of the species 
shows that members of the various species fly throughout the 
growing season and that they are most destructive in June and 
July, the time when their food is most abundant. 
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BIBLIOGRAPHY AND RECORDED DISTRIBUTION OF 
THE NORTH AMERICAN SPECIES OF THE GENUS 
CRAMBUS. 


Crambus agitatellus Clem. 

Habitat. Mass., N. Y., Ill., Tex., London, Ont. 

1860 Clemens. (Orig. Des.) Proc. Ass. Nat. Sci. Phil., p. 203. 
1863 Zeller.* Mon. (p. 21); (saltuellus) ibid. p. 22. 

1872 Zeller. Abhand. k.k. zool. bot. Gesellschaft. Vienna. 

1874 Packard. Record Am. Ent. 

1875 Zeller. Beitrageyt p. 92. 

1880 Grote. Can. Ent., XII., p. 77 (saltuellus) ; ibid. p. 77. 
1887 Saunders Can. Ent., XIX., p. 26. 

Crambus albellus Clem. 

Habitat. Me.; Mass., N.Y.,L.L,N. J., Penn:, Can’, Omi 
1860 Clemens. ( Orig. Des.) Proc. Ass. Nat. Sci. Phil., p. 204. 
1862) Zeller, Mon., p- 23. 

1864 Packard. Proc. Ent. Soc. Phil., II., p. 418. 
ieo0) (rote. Can. Hnt., SAL, p. 73: 
1887 Saunders. Can. Ent., XIX., p. 26. 

Crambus albilineellus Fern. 

Habitat. South Cal. 

1893 Fernald. (Orig. Des.) Can. Ent., XXV., p. 94. 

Crambus alboclavellus Zell. 

Habitat. Mass., N. Y., N. J., Va.,,O., Ill., Ky.;/ Demon 
1863 Zeller. (Orig. Des.) Mon., p. 19. 

1872 Zeller. Verh. z-b Wien., XII., 535-540. 
1875 Zeller. Beitrage, p. 92. 

1880 Grote. Can. Ent., XII., p. 77. 

1886 Moffat. Can. Ent., XVIII., p. 31. 

1887 Saunders. Can. Ent., XIX., p. 26. 

Crambus anceps Grt. 

Habitat. Cal. 

1880 Grote (Orig. Des.) Can. Ent., XII., p. 18.; ibid. p. 78. 

Crambus argillaceellus Pack. 

Habitat. Lab. 


* Chilo et Crambidarum genera et species; in Programm der Koeniglichen 
Realschule in Meseritz. 
+ Beitrage zur Kenntnis nordamerican Nachtfalter. 


On CERTAIN GRASS-EATING INSECTS. 93 


1868 Packard (Orig. Des ) Proc. Bos. Soc. Nat. Hist., II., p. 32. 
Crambus attenuatus Grt. 
Habitat. Cal., Columb., Vance. Is. 
1880 Grote. (Orig. Des.) Can. Ent., XII , p. 18; ibid p. 78. 
1881 Grote. Can. Ent., XIII., p. 67. 
Crambus auratellus Clem. 
Habitat. Mass. 
1860 Clemens. (Orig. Des.) Proc. Acad. Nat. Sci. Phil., p. 204. 
Crambus bidens Zell, 
‘Habitat. Me , Mass., N. Y. 
1872 Zeller. (Orig. Des.) Abhand. k.k. Zool. bot. Gesellschaft 
Vienna, Taf. III. fig. 17. 
1874 Packard. Record Am. Ent. 
1875 Zeller. Beitrage I , p. 89; id. Verh. z-b. Wien, XII. 
nooo Grote. Can. Ent., XII., p. 77. 
Crambus biothanatalis Hulst. 
Habitat. Cal. 
1886 Hulst. (Orig. Des ) Trans. Am. Ent. Soc., XIII., p. 166. 
1887 Fernald. (dehrensellus) Ent. Am., III., p. 37. 
Crambus bolterellus Fern. 
Habitat. Tex. 
1887 Fernald (Orig. Des.) Ent. Am, IIL., p. 37. 
Crambus caliginosellus Clem. 
Habitat. N. Y., Col., Hamilton, Ont. 
1860 Clemens. (Orig. Des.) Proc. Ass. Nat. Sci. Phil., p. 203. 
1880 Grote. Can. Ent., XII., p. 79. 
1887 Saunders. Can. Ent., XIX., p. 88. 
1891 Beckwith, H. M. Bull. Del. Coll. Agr. Expt. Stat. No. 
ee. pi 13. 
Crambus carpenterellus Pack. 
Habitat. Mountains of Cal. 
1873 Packard. (Orig. Des.) Hayden’s U.S. Surv., p. 548, fig. 1. 
Crambus comptulatalis Hulst. 
Habitat. Vancouver’s Island. 
1886 Hulst. (Orig. Des.) Trans. Am. Ent. Soc , XIIL,, p. 167. 
Crambus cuneolalis Hulst. 
Habitat. Tex. 
1886 Hulst. (Orig Des.) Trans Am. Ent. Soc, XIII, p 166. 
Crambus cypridalis Hulst. 
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Habitat. Utah. 
1886 Hulst. (Orig. Des.) Trans. Am. Ent. Soc., XIII., p. 165. 
Crambus decorellus Zinck. 
Habitat. Mass., Md., Tex., Penn. 
181g Zincken. (Orig. Des.) Germ. Mag.,IV., p. 250. 
1863 Zeller (polyactinellus) Mon., p. 25. 
1875. Packard. -Recond (as: Eat.) p. 1g. 
1875 Zeller. Beittages 1.) "p. o2- 
1880 Grote. (goodellianus) Can. Ent., XII., p. 17 and 78. 
1888 Fernald.=( polyactinellus Zell., goodellianus Gr., and bon- 
usculalis Hulst.) Ent. Am., IV., p. 44. 
Crambus delectalis Hulst. 
Habitat. Arizona. 
1886 Hulst. (Orig. Des.) Trans. Am. Ent. Soc., XIII., p. 165. 
Crambus dissectus Grt. 
Habitat. Me., N. Y. 
1880 Grote. (Orig. Des.) Can. Ent., XII., p. 16; ibid., p. 78. 
1880 Grote. N. Am. Ent., I., p. 68, fig. 3-, PL V- 
1882 Grote. Papilio, II., p. 73. 
Crambus dumetellus Hub. 
Habitat. Cal. 
1886 Hulst. (¢richusalis) Trans. Am. Ent. Soc., XIII., p. 165. 
Crambus edonts Grt. 
Habitat. Kan. 
1880 Grote. (Orig. Des.) Can. Ent., XII., p. 19; ibid., p. 79. 
1880 Grote. N. Am. Ent., I., p. 68, fig. 11, Pl. V. 
Crambus elegans Clem. 
Habitat. N. Y., N. J., Ill., 1. I., O., Pa., Tex., Midas 
ton, Ont. 
1860 Clemens. (Orig. Des.) Proc. Ass. Nat. Sci. Phil., p. 204. 
1872 Zeller. (¢erminellus) Stett, Ent. Zeit., p. 473, Fig. 5, PI. 
II., id, Abhand. k. k. z-b. Gesellschaft, Vienna ; id,=(/er- 
minellus ) Vehr. z-b. Wien., X XII., p. 535-540. 
1874 Packard. Record Am. Ent. 
1875 Zeller. Beitrage, p. 93. 
1880 Grote. Can. Ent., XII., p. 78. 
1886 Moffat, J. A. Can. Ent., XVIIL, p.31. 
Crambus extorralis Hulst. 
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Habitat. Fla. 

1886 Hulst. (Orig. Des.) Trans. Am. Ent. Soc., XIII., p. 165. 

Crambus floridus Zell. 

Habitat. Mass. 

1875 Zeller. (Orig. Des.) Beitrage, I., p. 91; id. Verh. z-b. 
Wiews, X XII., p: 537- 
1880 Grote. Can. Ent., XII., p. 77. 

Crambus gausapalis Hulst. 

Habitat, Sier. Nev. 
1886 Hulst (Orig. Des.) Trans. Am. Ent. Soc., XIII., p. 167. 

Crambus giradellus Clem. 

Piamtate i H., N. Y., L. i; O., Pa., Md., London; Onty St 

Martin’s Falls, Albany River, Hudson’s Bay, N. Am. 
1860 Clemens. (Orig. Des.) Proc. Ass. Nat. Sci. Phil., p. 204. 
1863 Walker. (xzvihumellus) Brit. Mus. Cat., XXVII., p. 159. 
1863 Zeller. Mon., p. 19. 
1872 Lintner. Ent. Contributions, I., p. 184. 
1878 Lintner. Ent. Contributions, IV., p. 38. 
1880 Grote. Can. Ent., XII., p. 77. 

Crambus hastiferellus Walk. 

Habitat. Pa., Fla., La., Tex., Nova Scotia. 
1863 Walker. (Orig. Des.) Brit. Mus. Cat., XXVII., p 155. 
1877 Zeller. (guénqueareatus) Microlep., p. 38, Tf. I, fig. 16, 
1878 Butler. A. G. (quingueareatus) Ill. Lep. Het., IL., p- 40, 

fig. 16. 
1880 Grote. (quinqueareatus) Can. Ent., XII., p. 77. 
Crambus hulstellus Fern. 
Habitat. Tex. 
1885 Fernald. (Orig. Des.) Can. Ent., XVII., p. 56. 
Crambus innotatellus Walk. 
Habitat. Me., N. H, Mass., N. Y., O., Ill, Cal., Can., Ont., 
Quebec, Nova Scotia, New Brunswick. 
1863 Walker. (Orig. Des.) Brit. Mus. Cat., SOX Vi Disups 5S 
1863 Walker. (zornatellus) ibid, p..157. 
1863 Zeller. (sevicinellus) Mon., p. 49. 
1864 Clemens. (var. zzornatellus) Proc. Ent. Soc. Phil., p. 418. 
1866 Walker, (co natellus) Brit. Mus., Cat. XXXV. 
1880 Grote. (sericinellus) Can. Ent., SL pe 
1881 Grote. (sericinellus) Can, Ent., XIII, p. 66, 
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1881 Moffat, J. A. (sericinellus) Can. Ent , XVIILI., p. 31. 
Cranbus interminellus Walk. 
Habitat. Me.,N.H., Mass , N.Y., Ill., Neb., Vance. Island, pi 
London, Ont., Nowe Sealy 
1863 Walker. (One. Des.) Brit. Mus. Cat., XXVEE 
1863 Zeller. (exsiccatus) Mon., p. 37 and 38 
1874 Zeller (dzliturellus) Vehr. z-b. Wiea., XXIV., p 426. 
1880 Grote. (exszccatus) Can. Ent , XII., p. 78. - 
1880 (exsiccatus) 7th Aun. Rept. Surv. Adiron., Reg. N. Y,. 
P. 391. 
1881 Lintner, 4/6. Hven., Jour. July 1; Husbandman (Elmira, 
N.Y.), Sept. 14; Science (N. Y. City) Oct; Vok Piaames 
1881 | Riley,-C. V. Am. Nat:, Sept) p. "750: 
1882 Lintner. Gea )/ First Ann. Rept. Inj. Tastee 
I49-I51. 
1887 Osborn, H. Rept. Com. Agr., p. 154-160. 
1887 Saunders, H.S. Can. Ent., XIX, p. 26. 
1889 Gillette, C. P. Bull. No: 5, Iowa Agt) Bxgiisra 
166-168. 
1891 Bruner, L. Bull. Agr. Exp..Sta., Neb’, po: 2a 
1893 ° Osborn, H. Bull.U. S. Dept. Agr., Ent. Div), Wonaare: 
44. 
1893 Osborn, H. (exsiccatus) Insect Life, Vol. VI, ieee 
B78. 
Crambus labradoriensis Christ. 
Habitat. Lab. 
1858 Christ. Ent. Zeit. XIX., 314; W. EH. My 1 Viegas 
1863 Walker. Brit. Mus. Cat. No. 27, p. 155. 
1880 Grote. Can. Ent., XII., p. 77 
Crambus laciniellus Grt. 
Habitat. Me., U. S. 
1880 Grote (Orig. Des.) Can. Ent., XII., p £8: ibid.p. 78. 
Crambus laqueatellus Clem. 
Habitat. Mass., N..Y., O:, TL, Ky. , Dex. vies 
1860 Clemens. (Orig. Des.) Proc Ass. Nat. Sci. Phil., p. 203. 
1863 Walker. (semzfusellus) Brit Mus. Cat. No. 27, p 159. 
1863 Zeller. Mon., p. 24. 
1872 Zeller. Abhand. k. k. z-b. Gesellschaft. Vienna. 
1872 Lintner. Ent Contributions, I, p. 184. 
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1873. Packard. Record of Am. Ent. 
1875 Zeller. Beitrage., p. gr. 
1880 . Grote. Can. Ent., XII., p. 78. 
Crambus leachellus Zinck. 
faaeitar, ve., Mass., N. Y., L. 1., N. J.,Pa., Gav, Ul, Gals 
Tex., Vancouvers Island, Hamilton, Ont., Venezuela, Mendocino. 
1818 Zincken. (Orig. Des.) Mag. der Eut., Dritter Band, p.t14. 
1860 Clemens. Proc. Ass. Nat. Sci. Phil., p. 203. 
1863 Zeller. (pzlche/lus) Mon., p. 18. 
1872 Zeller. Abhand. k. k. z-b. Gesellschaft, Vienna; id ( pu/- 
chellus). 
1873 Packard. Rec. Am. Ent. 
1875 Zeller. (pzlchellus) Beitrage, p. 89. 
1880 Grote. Can. Ent., XII., p. 16 and 77. 
1887 Saunders. Can. Ent., XIX., p. 26. 
Crambus luteolellus Clem. 
Habitat. N. Y., Cal., London, Ont. 
1860 Clemens. (Orig. Des.) Proc. Ass. Nat. Sci. Phil., p. 203. 
1880 Grote. (duplicatus) Can. Ent., XII,, p. 79. 
1887 Saunders. Can. Ent., XIX., p. 26. 
1888 Cockerell (z/oe) Ent. M. Mag., XXIV., p. 272. 
1888 Fernald=(s/oe Cock.) Ent. Am,. IV., p. 44. 
Crambus minimellus Rob, 
Hapitat. Pa., Tex. 
1870 Robinson. (Orig. Des.) Ann. N.Y. Lyc. Nat. Hist: paste 
reso, Grote. Can. Ent , XII., p. 77. 
1881 Grote. Can. Ent., XIII., p. 66. 
Crambus multilineellus Fern. 
Habitat. Fla. 
1887 Fernald. (Orig. Des.) Ent. Am., III., p. 37. 
Crambus mutabiwis Clem. 
Habitat. Mass., Conn., N. Y., O., Ill., Cal., Ky., Flas sEa., 
Neb., Tex., Hamilton, Ont. 
1860 Clemens. (Orig. Des.) Proc. Ass. Nat. Sci. Phil., p. 204, 
1863 Zeller. (fuscicostellus ) Mon., Pp. 44. 
1880 Grote. (fuscicostellus) Can. But. SERS pe 79. 
1885 Claypole, E W. ( fuscicostellus ) Can. Ent., XVIL., p. 118. 
1887 Saunders. ( fusctcostellus) Can. Ent., XIX., p. 88. 
1891 Bruner, L. ( fuscicostellus) Neb. Bull. Agr., p. 262. 
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a. hemiochrellus Zell. 
Habitat. Tex. 
1877. Zeller. Hx. Microlep., 49. 
1378 Butles ie Len, Het., I1., p. 51 
1880 | Grote? Wane Hut., XTI.; p. 79. 
Crambus myellus Hbn. 
Habitat. Me., Can., Nova Scotia. 
1863 Walker. (lativadiellus) Brit. Mus. Cat., XXVII., p. 159. 
1877. Grote. (zzterruptus) Can. Ent. IX, p. tor. 
1880 Grote. (zzterruptus) Can. Ent. XII, p. 15 and 78. 
Crambus occidentalis Grt. 
Habitat. San Francisco, Cal., Mendocino. 
1880 Grote. (Orig. Des.) Can. Ent., XII., p. 16 and 77. 
1668p ‘Grote. Can. Ent., XIE; p. 66; 
Crambus offectalis Hulst. 
Habitat. Cal. 
1886 Hulst. (Orig. Des.) Trans. Am. Ent. Soc., XIII., p. 166. 
Crambus oregonius Gtt. 
1880 Grote. (Orig. Des.) Can. Ent., XII., p. 17 and 78. 
1880 Grote. N. Am. Ent., p. 68, Fig. 9, Pl. V. 
Crambus pectinifer Zell. 
Habitat. Tex. 
1877 Zeller; Exot. Microlep:, p. 51, PI. 1. Pie, 20a 
Ere7oeeputler. Ill. Lep. Met, Tip Ge, ie. 2onaa: 
1880 Grote. Can. Ent., XII., p. 79. 
Crambus pexellus Zell. 
Habitat. Tex., Col. 
1863 Zeller. (Orig. Des.) Mon., p. 48. 
1880 Grote. Can. Ent., XII, p..7o. 
Crambus plejadellus Zinck. 
Habitat. Mass., N. Y., Ga. 
1821 Zincken. (Orig. Des.) Germ. Mag., IV., p. 251. 
1863 Zeller. Mon., p. 26. 
1880 Grote. Can. Ent., XII., p. 78. 
1886 Hulst. (donxusculalis) Trans. Am., Ent. Soc. XIII., p.167. 
1887 Fernald. (donusculalits Hulst.) Ent. Am., III., p. 22. 
Crambus prefectellus Zinck. 
Habitat. Mass. ,~N. VY., N.j.; Tex-,.Coky, Gan: 
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1821 Zincken. (Orig. Des.) Germ. Mag., IV., 249. 
1860 Clemens. (zzvolutellus) Proc. Ass. Nat. Sci. Phil., p. 203. 
1863 Zeller. Mon., p. 18; (pzdlchellus) l. c. 
1872 Zeller. Abhand. k. k. z—b. Gesellschaft, Vienna. 
1875 Zeller. Beitrage, p. 89. 
1878 Lintner. Ent. Contributions, IV., p. 38. 
meee tote. Can. Ent., XII., p. 77: 
Crambus repandus Grt. 
Habitat. Col. 
1880 Grote. (Orig. Des.) Can. Ent. XII., p. 79. 
Crambus ruricolellus Zell. 
Habitat: Me., N. H., N. Y., Pa., O., Ill., Can., London, Ont. 
1863 Zeller. (Orig. Des.) Mon., p. 4o. 
fseo0) Grote. Can. Ent., XII., p. 79. 
1887 Saunders. Can. Ent., XIX., p. 26. 
Crambus satrapellus Zinck. 
Habitat. Fla., Ga. 
1821 Zincken. (Orig. Des.) Germ. Mag., IV., p. 247. 
1863 Walker. (acu/ed/ellus) Brit. Mus. Cat., XXVII., p. 158; 
(elegantellus) 1. c. 
1863 Zeller. Mon., p. 16. 
1870 Robinson. Ann. Lyc. Nat. Hist. N.Y., IX., p. 315 & 316. 
1880 Grote. Can. Ent., XII., p. 77. 
Crambus teterrellus Zinck. 
Habitat. N: Y . O.; Pa., Va., N. C., Ga., Fla, Tex. , Mo: 
1821 -Zincken. (Orig. Des.) Germ. Mag., IV., p. 251. 
1860 Clemens. (camurellus) Proc. Ass. Nat. Sci. Phil., p. 203. 
1863 Zeller. (¢errellus) Mon., p. 27. 
1874 Packard. Record Am. Ent., p. 19. 
1380. Grote. Can. Ent., XII., p. 78. 
1893 Murtfeldt, Mary FE. Life hist.; eggs and larvee described. 
Bull. U. S. Dept. Agr., Ent. Div., No. 30, p. 53. 
Crambus topiarius Zell. 
Habitat. Me., Mass., Ill., N. C., Sierra Nev., Cal., Brit. Am., 
St. John, New Brunswick. 
1866 Zeller. (Orig. Des.) Stett. Ent. Zeit., 155, taf. 1, fig. 14. 
1880 Grote. Can. Ent., XII., p. 17 and 78. 
1882 Grote. Papilio, II., p. 74. 


100 BULLETIN 64. 


1886 Moffat. (Can. Eat. xv IM; p30: 
1887 Saunders Can. Ent., XIX., p. 26. 
Cranbus trichostomus Christ. 
Habitat. Lab. 
1858 Christ. (Orig..Des.) Ent. Zeit:; 313; Wo Mage: 
1880) (Grote, Can imt:; X11, pz78: 
Crambus turbatellus Walk. 
Habitat, Va. Pa., ©, Tl, Can: 
1863 Walker. (Orig. Des.) Brit. Mus. Cat., No. 27. 
1863 Zeller. (dépunctellus) Mon., p. 23. 
1870 Robinson. (dzpunctellus) Ann. Lyc. Nat. Hist. N.Y., [X., 
pe 375: 
1880 Grote. (d¢punctellus) Can. Ent., XII., p. 78 
Crambus undatus Grt. 
Habitat. Cal. 
1882, Grote. (Orig. Des.) Can. Hnt.; 0) pres: 
Crambus untstriatellus Pack. 
Habitat. Me., N.H., N.Y.,Pa.,Minn.,Caribou Island,Cal.,Lab. 
1863. Packard. (Orig. Des.) Proc. Bos..Soc. Nat. Hist.,II., p. 54. 
Knaggs Ent. Mag., III., p. 54. 
1880 Grote. (evesus) Can. Ent., XII., p. 17 and 78. 
1880 Grote. (exesus) N. Am. Ent., I., p. 68, Pl. 5. fig. 7 
Crambus vulgivagellus Clem. 
Habitat. Me., Mass., N. Y., .N. J., Pa., N.C:,:O;; Tite 
Cal., Vancouver’s Is., Hamilton, Ont., Nova Scotia. 
1860 Clemens. (Orig.Des:) Proc. Ass. Nat. Sci. Phil., p. 203. 
1863 Walker. (aurifimbrialis) Brit. Mus. Cat.,No. 27, p. 157. 
1863 Zeller. (chalybirostvis) Mon., p. 40. 
1872 Zeller. Beitrage. 
1874 Packard. (chalybirostris) Rec. Am. Ent., pi Age 
iIpoo Grote. Can:ut:, Lb /ipen7 and: 79. 
1880 » Grote. N. Am. Hat.,/1.; psio8; Plea ae 
1881 Lintner. 4/b. Even. Jour. May 23, July 1 and Sept. 8; 
Courier & Freeman (Potsdam, N. Y.) May 26; S¢. Lawrence 
Repub. June 8, Sept. 14and 28; Husbandman (Elmira, N.Y.) 
Sept. 14; Ogdensburg (N. Y.) Daily Journ. Sept. 21; Count, 
Gent. (Albany, N.Y.) June 2, XLVI., p. 359; ibid. June9; 
ibid. Sept. 29; Proc. Am. Ass., XXX., p. 267, 268; Rest 
Ont. Ent. Soc., p. 12 and 13. 


~ 3 “ 
On CERTAIN GRASS EATING INSECTS. IO! 


1881 Adams, J. Q., Watertown (N. Y.) Daily Times Aug. 22. 
1881 Riley, Am. Nat., XV., p. 574-576, 750, 914 and 915,1008 
and 1009. > 
1881 Saunders, W. Can. Ent. XIII., p. 181-183, 199 and 200. 
1882 Saunders. Ann. Rept. Ent. Soc. Ont. ’81—'82, p. 6, 13. 

1882 Riley. Ann. Rept. Com. Agr. ’81—’82, p. 179-183 
1882. lintuer. Inj. Ins. N. Y., p. 127-149. 

1884 Cutting. 8th Rept. Ver. Bd. Agr., p. 276. 

1885 Fernald. Kingsley’s Stand. Nat. Hist., II., p. 276. 
1886 Moffat. Can. Ent., XVII., p. 31. 

feoneoraner, I. Neb. Bull) Agr., p. 261. 

1893 Bruner, L. Ann. Rept. Neb. State. Bd. Agr., p. 404. 


Heoeemiosporn, H. Insect Life, Vol. VI., No. 2.) p. 72, 78. 
Crambus zeellus Fern. 


iapitar Me, Mass., N. ¥Y., Pa., W. Va., Ill, Mo., Cal. 

Resse eeruaid. (Orig: Des.) Can. Ent., XVIL.,; p.55- 

1885 Forbes. Ill.Crop. Rept., p. 38; id. Rept. Ill. St. Bd. Agr., 
pote id. Ill) Rept. on Ins., p. 12. 

1886 Forbes. Can. Ent., XVII. ; id. Miss. Essays on Economic 
Bat.; p--10. 

1886 Hulst. (vefofalis) Trans. Am. Knut. Soc., XIII., p. 166. 

1887 Fernald.=(vefotalis Hulst) Ent., Am., III., p. 22. 


EXPLANATION OF PLATES. 


The lettering is uniform throughout: 


Fig. 1. €. luteolellus. Fig. 14. C. gtradellus. 
Fig. 2. C. caliginosellus. Fig. 15. C. elegans. 
Fig. 3. C. muterminellus. Fig. 16. C. turbatellus. , 
Fig. 4. C. hulstellus. Fig. 17. C. extorralis. 
Fig. 5. C. mutadilis. Fig. 18. C. tnnotatellus. 
Biss) 6.2 C. decorellus. Fig. 19. C. fopiarius. 
Fie, 7.  C. teterrellus. Fig. 20. C. albellus. 
Fig. 8. C. ruricolellus. Fig. 22. C. agttatellus. 
Fig. 9. C. vulgivagellus. Fig. 23. C. minimellus. 
Fig. 10. C. unztstriatellus. Fig. 24. C. alboclavellus. 
Fig. 11. C. leachellus. Fig. 25. C. floridus. 
Fig. 12. C. hastiferellus. Figs 36.7 5h. laqueatellus. 
fier rg. C. prefectellus. Fig. 27. C. satrapellus. 
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The significance of the letters upon the anatomical plates are 
as follows: a, antennze; a. s., accessory spine; ¢. /.,chitinous 
process; g, genital plate (female); 4, harpe; 7, lower limb; m.m, 
members of scaphium ; w. f., maxillary palpi; /, labial palpi; 
pn., penis ; s, scaphium ; v, valve; uvg., vagina; ~, uncus. 

In Fig 16 the ventral aspect of the harpes and the dorsal aspect 
of the valves are represented; in figures 2, 10, 11, 12, 13 and 
20 the mesal aspect of the right clasps are represented ; in the 
others it is the mesal aspect of the left clasps. 
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TUBERCULOSIS IN RELATION TO ANIMAL 
EOUSTRY AND PUBLIC HEALTH. 


ITS PREVALENCE AND RELATIVE IMPORTANCE. 


Tuberculosis is so extensively prevalent and proves such a 
veritable scourge throughout the civilized world that no disease 
is so deserving of close and accurate study, or of the enforcement 
of effective measures for its suppression. Cholera, yellow fever 
and small pox, which occasionally invade our territory, creating 
universal terror and dismay, claim but few victims as compared 
with this ever-present, universally devastating plague. ‘These 
other plagues are quick, severe and fatal, it is true, but for this 
very reason they can be promptly recognized, and checked and 
even stamped out, whereas tuberculosis is equivocal and under- 
hand in its method, slow and uncertain in its progress, and on 
this account escapes recognition and proves by far the most 
deadly of any single disease attacking the human family. The 
average ratio of deaths from tuberculosis to the total mortality is 
14 per cent., or one death in every eight, while under special con- 
ditions it rises to one in three, as in the Marquesas Islands, or 
even one in two, as in some of our Indian reservations, Tuber- 
culosis may be classed with ‘‘the pestilence that walketh in 
darkness, ‘‘ while the the three other diseases named are like “‘ the 
destruction that wasteth at noonday.’’ But the deaths from tuber- 
culosis being constant and uniform, people accept them as inevi- 
table and fold their idle hands with true Mohamedan fatalism 
instead of boldly exposing the hidden deathtrap, and cutting 
short its destructive work. 

If the 5,490 deaths from tuberculosis which occur every year in 
the city of New York could be brought together in an epidemic 
lasting but one week, no small pox, cholera nor yellow fever 
scare would approach the panic which would thus be created, for . 
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when did all three diseases together create such mortality in this 
city? Nay, if we takethe whole civilized world and compare with 
the tuberculosis mortality, all the accumulated deaths from, war, 
famine, plague, cholera, yellow fever and small pox we find that 
the latter are comparatively very insignificant. Yet tuberculosis 
like every germ disease is absolutely preventible, and is allowed 
to continue its career of death only because of reprehensible 
ignorance and criminal indifference. 


Its PREVALENCE IN THE LOWER ANIMALS. 


Few if any diseases maintain a sway over a more numerous 
genera of animals than tuberculosis. Among the domesticated 
animals cattle are perhaps the most susceptible, but chickens, 
guineapigs, rabbits, swine and goats become victims almost if not 
quite as easily. Some have thought that dogs, cats, sheep and 
horses are exempt, but when inoculated with tuberculous material 
these all contract the affection readily enough. The fact that 
they do not contract it in such numbers in the usual way is prob- 
ably due in part to the greater amount of outdoor life which they 
enjoy, also to the fact that they have more exercise which secures 
for them a better developed and higher conditioned muscular 
system, and a full stock of constitutional vigor. After making 
all these allowances, however, it must be granted that these four 
classes of animals enjoy a native intolerance to this disease to 
which the first six classes mentioned are comparative strang- 
ers. 

Among the less domesticated animals which contract tubercu- 
losis may be named caged apes, lions, kangaroos, deer, elk, 
gazelle, antelope, birds, and in addition the rats, mice and other 
vermin of our houses and barns, All must, therefore, be con- 
sidered as possible bearers and disseminators of the infection and 
no such animal (indeed, scarcely any animal) can be left out of 
account in any systematic attempt to root out the disease. Some, 
however, are justly held tocontribute more than others to the 
maintenance of the affection, and in this sense, in addition to man 
himself, we must consider as preeminently bearers of this dis- 
ease cattle, fowls and pigs. 

Accurate statistics are wanting to give the rates of tuberculous 
animals in our herds, as we have no systematic professional 
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inspection of live animals and of those killed for human food. 
Even in the large cities of Europe when such inspections are 
obligatory, in the case of carcasses, the data given are so variable 
as to suggest the acceptance of different standards in the various 
cities and countries. Thus tuberculous cattle are said to number: 
In Bavaria 0.225 per cent. (Goring ), in Augsburg 0.26 per cent. 
(Adam), in Baden o.2 per cent. ( Lydtin ), in France 0.5 per cent. 
(Arloing), in Belgium 0.4 per cent. (Van Hertsen), in Paris 6 per 
- cent.(Friedberger and Frohner), in Holland 20 per cent. (Schmidt), 
in Pommerania and Bomberg 50 per cent. (Schanz, Albrecht), 
at Hildesheim, Hanover, 60 to 70 per cent. (Haarstick), in Leip- 
sic 20 per cent. (Rieck), in Edinburgh 26 per cent. (Cope, McFad- 
yean). American figures given by the Bureau of Animal Indus- 
try are for Baltimore (mostly cows) 2.5 to 3.5 per cent. and for the 
packing centers (among 2,273,547 mostly steers) 0.02 per cent. 
It must be noted that the data from Baltimore is somewhat too 
favorable for city cows, as the cows were largely from infected 
dairies, where the more rapidly fatal lung plague carried off many 
before time had been allowed for the development of tuberculosis, 
and as the vacancies were speedily filled by fresh cows from coun- 
try districts, the results give the ratio for country herds rather 
than the normal proportion for the city. The splendid showing 
for the steers must also be qualified by the remark that the fat 
and apparently healthy are alone sent to the large distant market 
while the unthrifty are held back lest they should spoil the sale. 

Steers further largely escape on account of their out-door life 
with less opportunity for infection, and because they are, as a 
rule, killed at three years old and under, and tuberculosis becomes 
more and more prevalent with the advancing age of the stock. 
In a large aggregate number of German abattoirs, cows suffered 
in ratio of 6.9 per cent., oxen 3.6 per cent., bulls 2.6 per cent., 
and calves and yearlings 1 per cent. In Leipsic, tuberculous 
cows were 26 per cent., oxen 19.5 per cent., bulls 15.4 per cent., 
and calves 9.3 per cent. 

In infected breeding and dairy herds in New York, consisting 
largely of mature cows I have found a maximum of 98 per cent. 
and a minimum of 5 per cent. Again in healthy country dis- 
tricts I have found hundreds of cows in adjoining herds without | 
a trace of tuberculosis among them. 
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TUBERCULOSIS CONTAGIOUS. 


In the middle ages tuberculosis in animals was recognized as . 
contagious and laws were made against the use of the affected 
carcasses as human food, which remain in force in Italy and 
Spain to the present day. In the 16th century the disease was 
confounded with syphilis and at the end of the 18th century with 
glanders, blunders which, however untenable, show the strong 
conviction that the malady was contagious. The propagation by 
contagion in herd was recorded in Germany by Ruhling (1774), 
and Krunitz (1787), and more recently by Spinola, Zannger and 
others. In France the same is claimed by Fromage, Huzard, 
Lafosse, Dupont, and Cruzel. 

It must be allowed, however, that in the first half of the pres- 
ent century, the manifest tendency of the disease to run in fam- 
ilies, and to develop under special unwholesome conditions of 
life, served to weaken the belief in contagion, and in Central and 
Western Europe such belief had become practically extinct among 
medical men, when their attention was recalled to the subject by 
the successful inoculations of tuberculosis on rabbits and guinea- 
pigs, by Villemin,in 1865. ‘The subject was taken upon all sides 
by incredulous experimenters and for a time a keen polemic war- 
fare raged, but slowly the stern logic of constantly accumulating 
and unanswerable facts compelled all candid observers to accept 
the doctrine of contagion. 


THE GERM. BACILLUS TUBERCULOSIS. 


An even fuller demonstration came in 1882, when Robert Koch, 
of Berlin, demonstrated the existence of the tubercle bacillus, 
and showed that the disease could be produced with equal cer- 
tainty by inoculating with the substance of a tubercle from the 
ox’s lung, or with a pure culture of the germ grown on pepton- 
ized gelatine, apart from the living body. Before publishing his 
discovery Koch demonstrated the presence of the bacillus in the 
expectoration or tubercle of over 100 cases of consumption, and 
had successfully inoculated 472 subjects—guineapigs, rabbits, 
mice, tats, and cats, besides dogs, pigeons and chickens. The 
following are some of the characteristics of this germ : 


Form.—A delicate rod with rounded ends, 1.5 to 3.5 micromillimeter in 
length (about 1-2500th of an inch), They occur singly, or in pairs or chains 
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of three or four connected end to end. When cultivated on blood-serum 
the groups tend to form elongated rope-like colonies, having a waving or 
serpentine outline. 


Staining.—It is characteristic of this baccillus that it absorbs 
coloring matters very slowly and once stained retains its color 
with great tenacity. This enables the microscopist to distinguish 
this amid a mass of other microbes. The opaque particles in 
sputum or a section of the tubercle is stained by prolonged ex- 
posure to a warm alkaline solution of an aniline pigment; it is 
then bleached by a solution of nitric acid (1:3); it is then washed 
and slightly stained with acolor which will contrast with the 
first; finally it is washed, mounted and examined under the 
microscope. The rod-like bacillus tuberculosis appears stained 
with the first color while the other bacteria, if any, are stained 
with the second. 

Biology, Life-history.—The bacillus tuberculosis lives mainly 
as a parasite in the animal body, but may be cultivated on the 
ordinary culture media containing 5 per cent. of glycerine and 
makes the best growth at 100° to 102° Fah. A temperature of 
158° Fah. for ten minutes is fatal to it (Yersin). Unlike many 
bacilli this shows no spontaneous movement at any stage of its 
growth. Its development is slow in any medium, the earliest 
signs of growth being visible only after ten or fourteen days. 

Vitality.—As it has great power of resistance to the entrance 
of coloring fluids, so this germ can hold its own for a length of 
time against destructive agencies. It retains its vitality and in- 
fecting power for nine to ten months in dried expectoration (Koch, 
Schill, Fischer, De Thoma). In tuberculous cow’s lung, dried 
and pulverized, it infected Guinea pigs after 102 days. In putrid 
matter it infected after 43 days (Schill, Fischer) or 102 days (Ca- 
deac, Malet). It is not destroyed by gastric juice (Baumgarten, 
Fischer, Falk). 

In sputum it perishes in 20 hours ina 3 percent. solution of 
carbolic acid in a saturated aqueous solution of salicylic acid or 
in saturated aniline water (Schill, Fischer); in five minutes by 
iodoform ether ; in ten minutes in sulphuric ether or mercuric 
chloride (1:1000) ; in three hours in thymol. It dies in a few 
hours in direct sunlight, and in five to seven days in diffuse day- 
light (Koch), In an ordinary room it gradually weakens but 
remains virulent for at least 2% months (Sawiskey). 
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INDESTRUCTIBILITY OF THE GERM. 


Drying and heating—The substance of a tubercle, like expecto- 
ration, may be dried up and reduced to powder without lowering 
its virulence provided too much heat has not been employed in 
the drying. Although an absolute heat of 158° Fah. for 15 
minutes is fatal to the germ yet in virulent masses, as in meat, 
it is difficult to determine the actual temperature at all points and 
tests are therefore often misleading. Thus Toussaint found that 
broiled steak, the interior of which by his tests had reached 163° 
to 176° Fah. was still infecting. Martin heated tuberculous mat- 
ter in sealed tubes to 212° Fah. and found that even then some 
germs would exceptionally escape. Chauvean and Arloing found 
that nothing survived half an hour of the boiling temperature 
and Galtier found that 162° Fah., which coagulates albumen, 
sterilized completely if kept up for a sufficient length of time. 
If in cooking meat, the blood (albumen) is not coagulated but 
oozes out as a red fluid the temperature has not been enough to 
ensure the death of the bacillus. Where there is a risk of tuber- 
culosis therefore vave steaks must be refused. 

In milk as in meat heat is effective but at 162° Fah. the con- 
tinued albumen is coagulated, the liquid acquires the boiled 
flavor, a tendency to constipate, and a diminution of its digesti- 
bility and nutritive qualities. In sterilizing this liquid, therefore, 
for infants and invalids, it is better to keep the temperature at 
158° Fah. for a longer period, say half to one hour continuously. 

Drying of the tuberculous matter in doors or in the shade, and 
apart from the above temperature, and its inhalation as fine dust 
is one of the most common causes of tuberculosis. In one store 
with a tuberculous clerk the dust raised in sweeping out the store 
infected clerk after clerk, and a similar rising of the virus in dust 
is a cause of infection in dwelling houses, stores, barns, barn- 
yards, stockyards, and railroad cars. It is now allowed that the 
infecting matter dried on the handkerchief, and shaken out on the 
air is one of the most prolific sources of infection. Soin animals, 
a manger smeared with the discharge of a diseased animal, retains 
the virus in an infecting state and infects the next susceptible 
animal fed from it. Hence long before the days of Koch and his 
discovery of the bacillus, the infection of animal after animal 
which occupied the same stall in succession had convinced ob- 
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servant stock owners and veterinarians of the contagion in 
tubercle. 

Survival in Water and Moist Earth.—Galtier found that the 
bacillus tuberculosis was preserved indefinitely in springs, ponds 
and wells at all ordinary temperatures. Hence the danger of 
common drinking troughs, of streams that have run’past infected 
herds, or the places where their manure has been put and of soil 
that have received the manure or carcasses of the deceased. The 
danger from soils is less from dust blown from the surface and 
which has been presumably devitalized by prolonged sunlight, than 
from the earth that is pulled up attached to the roots of the tur- 
nips, beets and carrots or to tubers like potatoes. Grain crops 
may therefore be grown with greater safely on infected soils, than 
can root crops. 

Freezing.—The germ survives a freezing temperature. Galtier 
kept tuberculous matter at different times in a frozen state for 
four and five days respectively and found it stillinfecting. Neither 
the winter’s frost, therefore, nor the usual alterations of tempera- 
ture in the soil can be trusted to speedily disinfect it. 

Putrefaction is not fatal to the germ (Cornil, Babes, Mallassez, 
Vignal, Galtier, etc.). 

Heavy salting of meats has been thought to be fatal to the germ 
in one month. After fifteen days in salt the germ failed to kill 
rabbits but still killed the Guinea pig, whereas after thirty days 
it killed neither (Galtier). In salting, however, the meat is im- 
pregnated unequally in different parts of the same mass, and 
therefore, as in the case of a temporary heating, this cannot be 
relied on as a safe measure of disinfection. 

The comparative indestructibility of the germ under any of 
these conditions, shows that the slow absorption of pigments by 
the bacillus, is significant of an equally tardy penetration by 
other hurtful agents, and of a corresponding power of resistance 
to ordinary disinfectant agents. 


AccEssorRY CAUSES OF TUBERCULOSIS. 


While all must to-day recognize that the one essential cause of 
tuberculosis is the bacillus, yet it is wrong to ignore the fact that 
many conditions of the animal system and its surroundings con- 
tribute to the propagation of the disease, or retard its progress. 
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While none of such accessory causes can generate tuberculosis 
in the absence of the bacillus, yet when that diseased seed is 
present, these conditions often serve to sway the balance toward 
its advancement and diffusion, or its restriction and suppression. 
A suitable soil and favorable climate is no less essential for the 
vigorous growth of the microscopic ‘vegetable microbe, than for 
the Florida moss or the palm. 
| Among the most efficient accessory causes may be named : 


a. Hereditary Predisposition. 


Consumption runs in families and it has long been supposed 
that this was essentially a family—that is, a hereditary disease. 
But as a matter of fact it is extremely rare to find the offspring 
tuberculous at birth or before. In many thousands of pregnant 
_tuberculous cows killed in the slaughter-houses of Europe not 
more than ten tuberculous calves have been found. To the same 
effect is the fact that in calves under a year old, born of cows, six 
per cent. and upwards of which prove tuberculous, the ratio of 
tuberculosis is often below one per thousand. In Saxony with 
the ratio of tuberculous cattle 16.5 per cent. that of tuberculous 
calves was only 2 per 1000. At Lyons out of 400,000 calves 
slaughtered only 5 were found tuberculosis and at Munich out 
of 400,000 but 2 tuberculous. Again in such calves the tubercle 
is found in a very large proportion “of cases in the bowels and 
adjacent glands suggesting infection after birth through the milk, 
rather than in the liver and lungs which would have been its 
natural seat if conveyed before birth through the blood. Not a 
few of the obstinate and fatal bowel diseases of sucking children 
and calves are in reality tuberculosis of the bowels induced by the 
infected milk. 

What runs in a family then is rarely hereditary disease :— 
it is in the great majority of cases only a hereditary suscep- 
tibility to the disease, tuberculosis. But it is none the less a fear- 
ful legacy, being often so potent that the disease attacks certain 
families as a matter of course, while other families can count on 
a practical immunity. In the human family this is notorious, In 
cattle it is no less remarkable. In the Burden herd of Jerseys in 
1877, I made examinations, and condemned eleven animals, veri- 
fying my diagnoses by examinations after death, and found to my 
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surprise that I had taken every representative of a given family, 
and left the pure bred members of the second family untouched. 
Both families had mingled freely in the pastures and yards, yet 
the second family furnished no tuberculous cases and remained 
sound from that time onward. 


b. Close Buildings, Lack of Ventilation. 


Air rendered impure by repeated breathing is so favorable to 
the propagation of tuberculosis that it has been looked upon as 
the sole cause (Macormac). Though now certain that this can- 
not produce tuberculosis at all in the absence of the germ, yet it 
is such a potent accessory cause when the bacillus also is present, 
that its importance cannot be too highly appreciated. 

For the mild cases of tuberculosis in man life in the open air, 
day and night, in a genial climate with pure air affords one of the 
best grounds of hope of recovery or mitigation. In the Burden 
herd above referred to, animals condemned in the spring spent 
the summer at pasture, with a general appearance of perfect 
health, yet, when returned to the barns in the fall, they fell off 
so that soon some of them had to be helped to rise in the stall. 
All the world over city dairy cows are notorious for tuberculosis. 
In Europe where the country cattle are affected in a ratio of 1 to 2 
per cent., those in the city dairies suffer to the extent of 6 to 20 
per cent. and upward. Of our plains and prairie steers the gov- 
ernment inspectors, at the abattoirs, condemned as tuberculous 
but 0.02 per cent., whereas of the city dairy cows, mostly recently 
from the country, they condemned 1.23 per cent. The ratio is 
I steer to 60 cows, a most striking showing in favor of an open 


air life. 
c. Dark Stables. 


Dark stables are usually dirty and ill-ventilated, and as such, 
lower the general health of the inmates and strongly predispose 
them to tuberculosis, The darkness, however, acts indirectly in 
depriving the tissues of the body of their due supply of air. The 
formation of green pigment (chlorophyll) in plants, and that of 
red pigment in the blood globules are alike due to the action of 
light. In darkness both disappear. But the red globules of the 
blood are the bearers of oxygen to all parts of the body, and if 
these globules are deficient the whole body is denied its due 
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aeration. ‘The final result is as if the air contained little oxygen, 
in other words, as in the case of a close building without any 
means of renewing the air. 


ad. Insufficient or Unwholesome Food. Overtaxing. 


Lack of food, and indigestible, or innutritious food, agree in 
producing practical starvation and weakness with increased sus- 
ceptibility to tuberculosis. Hence, this disease is the scourge of 
the half starved poor, and no less of the rich who abuse their 
digestive organs, and court chronic dyspepsia. So, too, in our 
dairy herds the stimulating ration-for-milk, the warm drinking 
water, and warm atmosphere, together with the enforced rest in 
the stalls for months at a time, and the clean, careful milking 
soliciting the gland to act to its extreme capacity, all tend toa 
lowering of the general health and an increased susceptibility. 
This sufficiently illustrates how the cow which has been made a 
milking machine, and which to this end must produce a calf 
every year, becomes dangerously susceptible to any tubercle 
bacillus to which it may be exposed. We have developed most 
valuable qualities at the expense of hardihood, and we must take 
the consequence. The argument is not that we should part with 
acquired powers which give the animal its high value, but that 
we should recognize the attendant dangers and rigorously ex- 
clude the tubercle germ. 


e. Breeding too Young. 


Breeding of immature animals is a most fruitful accessory cause 
of tuberculosis as the demands made upon the system for further 
growth, for the nourishment of the unborn offspring, and later for 
the nursing of the calf, or for the dairy yield, undermine the 
strength and vigor. In different families of that marvelous dairy 
cow, the Jersey, this has been carried to such an extent that dis- 
credit has been thrown upon the whole breed as one especially 
prone to tuberculosis. 


fj. Inbreeding. High-breeding. 


Inbred families of cattle are proverbially subject to tubercu- 
losis. ‘This is due partly to a resulting constitutional weakness, 
which often shows itself in an increasing indisposition to breed to 
near relatives, though still fertile with strangers. More frequent- 
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ly, it depends on the intensifying and fixing of personal and fam- 
ily characters. The susceptibility to the germ being equally 
strong in both parents becomes intensified in their common off- 
spring just as the beef or dairy characteristics are improved. 
Indeed, the qualities which make an animal valuable: for the 
butcher or milkman are exactly such as favor tuberculosis. The 
germ of this disease lives by preference in the lymphatic system, 
either in the lymphatic glands or in the loose connective tissue 
forming the lymphatic networks leading to these glands. Now 
the breeds which are preéminent for early maturity, and rapid 
fattening, or for a high yield of milk are remarkable for their 
excess of connective tissue, as shown by the delicate mellow skin, 
and in the case of the Channel Island cattle by the unusually 
large lymphatic glands. This helps to explain why certain fam- 
ilies of beef-making cattle have been virtually ruined by tubercu- 
losis. Yet it would be equally wrong to abandon the improve- 
ment of our beef and of our milking breeds. The improvement 
already attained is essential to successful competition in the 
market, and prospective improvement will be no less essential in 
the future. The true and only real remedy is the extinction and 
exclusion of the bacillus of tubercle. 


a, Ill Health. 


5S 


All acute and chronic diseases leaye the system weak, and with 
less power of resistance to other diseases. Above all we must 
fear long standing diseases which produce emaciation and weak- 
ness, fevers which interfere permanently with the blood-forming 
processes, diseases of the digestive organs, which hinder the 
requisite preparation and absorption of nutritive elements, and 
diseases of the lungs which form a raw or weakened surface on 
which the bacillus can grow without hindrance. Again the germ 
lives best in a slightly alkaline or neutral medium, and is weak- 
ened in the acid contents of the stomach during vigorous diges- 
tion. But in indigestion the contents may be too much lacking 
in acidity to prove hurtful to the germ, and the imperfectly di- 
gested morsels, enclosing the bacillus, may be passed on un- 
changed into the alkaline intestine, a field especially favorable to _ 
the development of tuberculosis. Again in the intervals between 
meals when the acid secretion is arrested, the bacillus in drinking 
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water may easily pass through the sentinel stomach to develop in 
the intestines. 


h. Chemical Potsons in the Tuberculous Body. 


The soluble chemical poisons in meat and milk of consumptives 
will be noticed later as a potent cause alike of susceptibility to 
tuberculosis and of its more rapid progress when already in the 
system. 

LESIONS AND SYMPTOMS OF TUBERCULOSIS. 


Tuberculosis appears under two great types: the acute and the 
chronic, the first of which may run a fatal course of four to six 
weeks, while the second may last for many years. At the outset 
in the acute form, and for a great length of time in the chronic, 
the disease-process may be confined to one organ or to one region 
of the body and therefore the symptoms may vary exceedingly 
according to the particular organ attacked. In many chronic 
cases, with the tubercles confined to one organ or locality (lym- 
phatic glands, liver, spleen, pancreas, etc.) the victim may be in 
good condition and no sign of disease may be recognized by the 
owner or even the veterinarian. In acute cases on the other hand 
and when the tubercles are generally diffused through the body, 
there is usually fever, wasting and emaciation in addition to the 
characteristic symptoms of disease in particular organs. 

The lesions being caused by the colonization ahd local multi- 
plication of the bacillus they tend to assume a rounded or nodular 
form, from which has been derived the name of tubercle. Such 
nodules may, however, be absent, the diseased product, being a 
diffuse infiltration and thickening of the affected part. The early 
nodule may vary in size from a millet seed up to a pea or more. 
It is at first red, congested and firm ; soon it may become gray in 
the center though still red outside. With the grayish discolor- 
ation comes a gradually extending death of the mass (coagulation 
necrosis)and disintegration into a more or less soft cheesy looking 
material (caseation). In cattle and chickens this cheesy nodule 
tends to remain firm and it may even become gritty through im- 
pregnation with earthy salts (calcification). Exceptionally it 
will soften into a semi-liquid whitish debris, resembling an abcess, 
and this excessive softening is the usual course of tubercle in 
swine. In some cases however the tubercle does not break down 
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into a dead cheesy mass but develops into firm fibrous rounded 
nodules hanging in clusters from the lungs, inside of the ribs, or 
skin, and known as pearl disease (perl-knoten), grapes, etc. This 
form is particularly common in cattle. In man may be found 
nearly all forms of the disease, the primary hard red congested 
nodule, the same with its grayish disintegrating centre, the firm 
caseated mass, the same further softened into a white or yellowish 
semi-liquid pus-like mass, and in addition an open unhealthy 
sore caused by the breaking down of the tuberculous growth on 
the skin (lupus), or intestine, etc. Similar tuberculous sores are 
found on the skin or mucous membrane (bowels, throat) of cattle 
and other animals. In all the many forms and seats of the dis- 
ease the bacillus may be found in the affected parts, and the 
morbid discharges from the lungs, skin, open sores, etc. 


SYMPTOMS IN CATTLE. 


a. Tuberculosis of the lungs.—In the chronic cases which are 
by far the most common this may last for months and years un- 
perceived ; in acute cases it may prove fatal in a month. 

In recent, slight, chronic cases there may be no other ground 
of suspicion than an occasional cough when the animal leaves the 
hot stable for the cold outer air, when it is suddenly raised in the 
stall, when it is run for a short distance, when it drinks cold 
water or eats dusty food. The cough is usually small, dry, 
wheezing, and may be repeated several times. When run or 
driven rapidly the animal proves short winded. Yet it may show 
as good spirits, as clear, full an eye, as smooth glossy a coat, as 
supple and mellow a skin, as good an appetite, as rich and abund- 
ant a flow of milk, and as much propensity to fatten asits healthy 
fellows. Aun accomplished diagnostician may detect altered 
sounds on percussion and anscultation of the chest, but from the 
difficulty introduced by the heavy muscular shoulder, the frequent 
variations in the size of the heart, the rumbling and crepitating 
sounds from stomach and bowels, which, according as they are 
full or empty, press forward and dimish the size of the lungs, and 
greatly mask or modify the results, even the able practitioner can- 
not be trusted to detect these, and the case fails to be recognized. 
There may be a flow from the nose in which bacilli should be 
detected by the microscope, but cattle have a habit of cleaning 
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the nose with the pointed tongue, so that the virulent particles 
are difficult to secure, and when secured they prove to contain 
few bacilli so that a failure to find these would not be so reassur- 
ing as it would be in man. As a large proportion of cases of 
chronic tuberculosis of the lungs are of this kind the tuberculin 
test, to be noted below becomes practically indispensible. 

When the lungs become more extensively involved symptoms 
are more distinct and reliable, and the animal usually falls off in 
condition, yet in many cases cattle in good condition are killed 
for beef and the lungs and ribs are found to be literally'covered 
with clusters of fibrous tubercles (grapes). Usually in advanced 
cases the hair is dry, lustreless, and erect in patches, especially 
along theback. The skin is dry, powdery, and rigid without its 
customary mellow touch or mobility on the parts beneath. The 
eye is less prominent and brilliant, the breathing is more easily 
accelerated, the cough, more frequent and easily roused, is often 
gurgling or rattling and may cause a discharge from the nose of 
a whitish flocculent, sometimes gritty material in the flocculi bacilli 
may sometimes be found. The breath,is heavy and mawkish. 
Pinching of the back at the shoulders or loins may cause wincing, 
groaning or cough, as may also pinching above the breastbone 
or striking the ribs with the fingers or fist. Percussion over the 
ribs reveals spots where there is a lack of resonance, apart from 
the solid masses of the heart, liver, spleen and stomach contents, 
and listening over these spots will detect that variety of morbid 
sounds familiar to the physician, the most prominent being rub- 
bing, wheezing, creaking or fine crepetation, mucous rattling and 
various blowing sounds. A remarkable feature of tuberculosis 
distinguishing it from many other forms of lung consolidation 
attended by unnatural sounds, is the occurrence of such changes 
in patches with intervening spaces of sound lung. Ordinary inflam- 
mations more commonly attack one portion and spread from that 
as a center extending the solidification in one or all directions. 
Arrived at this stage the animal usually fails to make fiesh satis- 
factorily on the best feeding, and milk is not only lessened but 
becomes poor, blue and watery. 

The tubercles tend also to form more in other organs, notably 
the lymphatic glands and bowels, and digestion and assimi- 
lation being thus seriously interfered with emaciation advances 
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more rapidly. This advance may be largely accounted for by the 
fact that the infecting expectorations brought up with the cough 
is largely swallowed to affect stomach and bowels. ‘The animal 
has now diminished, and capricious appetite, irregular, infre- 
quent, slow rumination and slight bloating after meals. The body 
temperature is more variable and more frequently high than in 
the slighter forms. 

In the advance stages of lung tuberculosis everyone can recog- 
nize the consumptive animal. It is miserably poor and wastes 
visibly day by day, the dry coat of hair stands erect, the harsh 
scurfy skin clings tightly to the bones, the pale eyes are sunken 
in the sockets, tears run down the cheeks, a yellowish, granular, 
foetid and often gritty discharges flow from the nose, the breathing 
is hurried and catching, the breathe foetid. The cough is weak, 
painful and easily roused by pinching the back or breast or strik- 
ing the ribs. Tapping the ribs with fingers or fist and applying 
the ear detect far more extensive changes including in many 
cases evidences of blowing into empty cavities (vomicze) and loud 
gurgling. Temperature may vary from below normal to 107° 
Fahr. 

In all such cases there is extension of the disease to distant 
organs and symptoms as given below complicate those of lung 
disease. ‘To give means of diagnosis of tuberculosis from some 
diseases of the lungs which most resemble it in symptoms (lung 
worms, hydatids, actino-mycosis, lymphadenitis, etc.,) would 
unduly extend this article without corresponding advantage to 
my present class of readers. 

Tuberculosis of stomach, bowels and mesenteric glands, Inyoung 
animals living on milk, tuberculosis of the bowels and glands 
give rise to indigestion, foetid diarrhceas, bloating, and finally 
enlargement of the superficial lymphatic glands and the affection 
of the lungs if the animal should survive long enough. In older 
cattle there is impaired irregular appetite and rumination, slight 
bloating after meals, a tendency to scour when liberally grain 
fed, costiveness alternating with scouring, colics, and usually a 
more pronounced wasting than with the lung disease. The oiled 
hand introduced into the last gut may detect the enlarged mesen- 
teric glands which must be carefully distinguished from hardened 
feeces in the bowels from the.ovaries, from masses of fat, etc. 
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The temperature is raised in proportion to the activity of the 
tubercular process. 

Tuberculosis of womb and ovaries.—These and their supporting 
membranes or ligaments are often implicated in the bowel dis- 
ease giving rise to undue generative excitement. They may also 
become primarily infected through coition. The affected cow is 
usually sterile, sooner or later parting with any ovum that may 
have been impregnated. Later her feats may become more 
intense and last longer, and never lead to impregnation. The 
cow spends most of her time wandering around, bellowing for 
the bull, and neglects to eat or ruminate and wastes away rapidly. 
There is often a whitish discharge from the vulva. ‘The temper- 
ature is elevated and general tuberculosis sets in sooner or later. 

Tuberculosis of the liver spleen or pancreas.—-The liver is one of 
the first organs to suffer in infection through the stomach and 
bowels, and it may be exclusively affected in calves and even in 
mature animals. ‘Tuberculosis of the liver may be accompanied 
by impaired appetite and digestion, bloating after meals, and in 
exceptional cases by jaundice, but often an indefinite ill-health is 
all that can be detected. Pancreatic and splenic tubercle are 
marked by a similar obscurity of symptoms. Itis usually only 
when the disease begins to be generalized that distinct, objective 
symptoms are available. 

Tuberculosis of the kidneys and bladder may be attended by 
extra sensitiveness of the loins to pinching and by frequent pass- 
age of urine, more or less discolored by blood or mixed with pur- 
ulent matter. Hxamination of the microscopic blood casts in the 
urine after having stained them may reveal bacilli. 

Tuberculosis of the throat. Pharyngeal glands.—This is one of 
the most common types in cattle. Attention is usually first 
drawn by a wheezing breathing, the sound manifestly coming 
from the throat, and the glands around that part are felt to be 
enlarged, unequal on the right and left sides, or shrunken and of 
a gristly hardness, or softened and even fluctuating on pressure. 
The formations above the throat and beneath the first bone of 
the neck, are particularly liable to undergo this special softening. 
‘There is usually a loose gurgling cough, some difficulty in swal- 
lowing, and a slimy discharge from the mouth. Small tubercu- 
lar growths may exist on the lining mucous membrane, and this 
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sometimes extends into the air passages causing tuberculosis of 
the larynx with a persistent paroxysmal cough and a harsh altered 
voice. 

Tuberculosis of the udder.—A portion of a single quarter is 
usually first affected, causing a circumscribed swelling, harder 
than the rest of the gland, but not hot nor painful, and this grad- 
ually extends to the whole udder. With this extension the 
gland becomes harder, and the milk lessened, more watery and 
clotted, and the lymphatic glands in front of the udder and be- 
hind are enlarged, and hardened. The gradual advance of the 
disease serves to disarm the milker of any suspicion and the milk 
is commonly utilized until its watery or grumous appearance 
draws special attention to the gland. The case may be tested by 
inoculating with the milk, or less satisfactorily by a microscopic 
search for the bacillus, or the tuberculin test may be applied. 

Tuberculosis of the lymphatic glands.—In cattle the lymphatic 
glands are often found to be tuberculous to the exclusion of 
internal organs, and as this form of the disease tends to become 
chronic it is likely to be overlooked for a length of time. Wher- 
ever a group of these glands exists, there may be tuberculosis. 
In addition to those already cited may be here named : 

a. The submaxillary glands situated on the inner side of the 
lower jaw at the point where the pulse is felt. These which are 
almost imperceptible in their natural condition, may swell up to 
any size, soften, burst, and discharge a cheesy matter. They 
are most liable to be confounded with actinomysosis of the same 
region but do not show the almost microscopic hard yellow clus- 
ters of the actinomyces. They yield in place the specific bacillus. 

b. The glands at the root of the ear.—These swell in front or 
behind the ear, soften and like the submaxillary glands they may 
or may not burst and discharge, 

c. Glands inside the chest, mediastinal, bronchial, etc.—The 
mediastinal and bronchial glands lying between the lungs in the 
centre of the chest are often affected independently of the lungs, 
and give no easily available symptom. A persistent nervous 
cough and some unthriftiness, though on good, liberal rations, 
may arouse suspicion, but cannot lead to diagnosis. If the glands 
on the walls of the gullet (wsophagean) are implicated the vagus 
nerve and stomach may be involved and digestion, rumination, 
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and the eructation of gas may be interfered with so that chronic 
bloating may be added to the suggestive, though by no means 
diagnostic, symptoms. Equally obscure are the indications of 
disease of the glands beneath the back bone and those above the 
breast bone. Of the more superficial glands of the trunk the 
following are the most easily examined: 

d. Glands in front of the shoulder blade.—This group is in front 
of the middle of the shoulder blade, and may easily be siezed in 
the hands in thin cattle. If enlarged unequally on the two sides, 
or if very hard and nodular though small, suspicion may well 
attach to them. It is only on rare occasions that they burst and 
discharge. 

e. Glands above the stifle-—These placed on the side of the 
flank in front of the stifle can also be grasped and examined. 
Indeed, in certain animals, notably in the Channel Island breeds, 
they can be seen by the eye. Swelling, inequality, hardness, nod- 
ularity are the usual suspicious features. Often smaller pea-like 
or hazel-nut-like masses are found scattered over the lateral walls 
of the belly from the last rib to the hip bones, and even in the 
interval between the two last ribs. 

f. External inquinal glands.—In the male the glands on the 
sides of the scrotum, and in the female those on the sides of the 
udder may be felt to be enlarged when affected with tuberculosis. 

g. The posterior cervical glands situated in the lower end of the 
furrow that lodges the jugular vein, may be similarly implicated 
and recognized. 

The deeper seated groups of lymphatic glands, need not be in- 
dividually referred to, for though subject to tuberculosis they 
rarely show as external swellings. Tubercles, however, may ap- 
pear in any part of the skin. I have found a caseated mass like a © 
hickory nut on‘the point of the shoulder, and fibrous warty-like 
growths on the skin, and open unhealthy sores with hard fibrous 
surroundings may be fibroid tubercle. 

It must be borne in mind that the lymphatic glands are liable to 
become congested and inflamed from other sources of irritation in 
themselves and in their vicinity so that the mere fact of disease of 
these glands is no sufficient evidence of tuberculosis. It is how- 
ever ground for grave suspicion, and further exculpatory evidence 
is demanded. 
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Tuberculosis of bones and joints.—This is especially seen in 
young growing animals, being common in calvesin badly infected 
herds. Wm. Mueller has produced it experimentally by inject- 
ing the nutrient artery of the bone in a three month’s goat. The 
bones most commonly attacked are those entering into the for- 
mation of the elbow and knee, the stifle and hock, and as the dis- 
ease usually extends from the gristly growing substance in the 
bones of the joint surface, the trouble is recognized as disease of 
the joints. In some instances, however, the disease begins in the 
lining membrane (synovial) of the joints and forms fungous 
growths extending into the bone. In the open (cancellated) tissue 
on the end of the bone it is at first red and congested, later itis 
partly fatty, and caseated. Usually the disease becomes general, 
but if it remains circumscribed, it is enveloped in a layer of dense 
hard bone. The animal is very lame, perhaps even unable to rise, 
the joints swollen and tense, and the ends of the bones enlarged 
and tender. The disintregrated bone may even crumble and the 
sharp spiculae protrude through the skin. 


Further Indications of Tuberculosis. 


The above outline of symptoms seen in cattle is rendered neces- 
sary by the invariable question, ‘‘ how can I recognize it?’’ ‘The 
intelligent reader will realize from the partial sketch above, that 
it is no simple matter to diagnose tuberculosis. It is to be hoped 
that he will also have apprehended so much of the subject as will 
save him from being victimized, by the man who boasts loudly, 
but really knows little. 

In the multitude of equivocal and occult cases further tests 
must be applied. These may be named as (1) microscopic search 
for the bacillus, (2) inoculation, and (3),‘injection of tuberculin. 

Inoculation.—The first named test having been already inci- 
dentally referred to, inoculation may be noticed. This consists in 
the introduction into the peritoneum or other part, of a guinea- 
pig or other animal or some of the suspected product (discharge 
from the nose, milk, juice from an enlarged gland, etc.) General 
abdominal tuberculosis should be present in the guineapig in 30 
days. Beside the delay, this has the draw-backs, that the guinea- 
pig may have been already infected before the inoculation, the 
portion of the suspected product may have been devoid of bacilli _ 
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though these were abundant enough in the animal from which it 
was taken, or the guineapig may have become infected after the 
inoculation from being kept in an infected place, or from infected 
food, water, attendants, etc. We must first secure for the guinea- 
pig the very guarantee we are seeking for the larger animal. Is 
it not then better to secure this for the larger animal first and 
avoid all the subsequent sources of fallacy attendant on an inocu- 
lation experiment ? 

The tuberculin test gives prompt results and is less open to 
fallacy. 


Tuberculin. 


Tuberculin or Koch's lymph consists in the concentrated, 
sterilized liquids in which the bacillus tuberculosis has been 
grown. It contains no living bacillus; all germs have been killed 
by heating ; but it does contain the chief poisons which are pro- 
duced in the tuberculous body, and which bring about all the 
diseased processes in such body. A possible exception may be 
made of any such poisons as are destroyed by heat if any such 
there be, in tuberculous products. It must be distinctly under- 
stood that in every contagious disease there is, 1st, the germ 
which grows and multiplies in the susceptible animal system, but 
is not, in itself and by its mere presence, necessarily injurious, 
and, 2d, the products of the life of that germ which may or may 
not be poisonous. The many germs, which continually enter the 
animal body, have products that are not appreciably poisonous 
and therefore produce no disease, whereas the few that do manu- 
facture poisonous products cause our different contagious diseases. 
We find a counterpart in the yeast germ which in itself is virtually 
harmless to man, whilst the alcohol, which it manufactures from 
sugar under certain conditions, is a poison more or less hurtful 
according to the susceptibility of the person taking it. 

Tuberculin consists of chemical poisons which the bacillus 
secretes or manufactures, and on which the force and all the mani- 
festations of tubercle in the tissues are chargeable. Having no 
living germ it cannot increase its own substance, nor can it cause 
tuberculosis in a healthy system as it is soon thrown out of the 
body through the kidneys and other channels and its power for 
evil is at an end, yet none the less is it the immediate agent 
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through which all the destructive work of tuberculosis is carried 
on. Where the bacillus tuberculosis lives and multiplies in the 
animal body these chemical poisons are being constantly formed, 
and thus its pernicious action is continuous, not only in the seat 
of the tubercle but through the whole system. 


Tuberculin as a Test. 

The tuberculin test is based on the fact shown by Koch that it 
increases the activity of the disease process in tubercle, and affects 
the whole animal body producing a reaction or rise of tempera- 
ture in a marked degree. On the ordinary tubercle as seen on the 
surface, the frequent use of tuberculin produced a more active 
process of cell growth leading to degeneration and death, so that 
there was a more speedy transition from the red congested nodule, 

‘through the grayish degeneration into the dead cheesy mass, cut 
off from all blood circulation. If this dead mass were sloughed 
off leaving sound tissues to heal, that particular tubercle might be 
cured. But deeper tubercles usually exist and these are similarly 
stimulated and their degeneration hastened by the tuberculin ; 
it is impossible for them to be cast off; the increasing masses of 
bacilli, which have been produced under the rapid growth, are 
shut up in the solid tissues around to furnish new seed fora fresh 
extension of the disease. As such deep seated tubercles usually 
do exist with superficial ones, they render tuberculin almost 
useless as a curative agent, since to eradicate the disease the deep 
caseated tubercles must be afterward removed by surgical means, 
a resort which might have been had at the beginning and without 
the use of tuberculin. 

But this action which renders tuberculin so objectionable as a 
curative agent makes it of the highest value as a test of tubercu- 
losis in animals. The minute dose which has no effect on a 
healthy cow, horse or pig, when employed on the slightly tuber- 
culous one produces an acceleration ofthe disease process and 
in eight to fifteen hours a material rise of temperature. This has 
been now employed on thousands of cows and those who have 
used it most, value it the most highly, whereas many who at first 
reported reactions in non-tuberculous animals are now acknow- 
ledging with Nocard that the feult has been mainly their own, for 
small tubercles were present but were overlooked through their 

ailure to examine the bones and other organs. 
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The explanation of the reaction under tuberculin may be very 
simply stated. The dose is made so small that it will not affect a 
healthy cow under ordinary conditions. In the slightly diseased 
cow the system contains a certain amount of tuberculin produced 
by the bacillus in the tubercles, but to this the system has become 
accustomed and it causes no very appreciable fever. But when 
in addition to this we introduce into the body of this cow the 
small amount of tuberculin, used for the test, the increased dose 
acts on tubercle and nervous centres alike and a fever is produced. 
So evenly balanced has been the tolerance acquired, and the 
amount of poison tolerated with impunity, that four drops of 
tuberculin will as a rule produce this elevation of temperature in 
the moderately tuberculous cow. 

Objection to Tuberculin asa Test.—ist. 'Thetemperature some- 
times rises in anon-tuberculous cow after the use of the tuberculin, 

This is true. So does the temperature sometimes rise in a non- 
tuberculous cow when no tuberculin has been employed. Every 
animal is liable to suffer from inflammation and fever, andif such 
inflammation and fever set in after the use of the tuberculin test 
they are liable to be charged to it as their cause. This is a valid 
argument against the reckless popular use of the tuberculin, but 
surely not against its use in skilled hands. ‘The person who uses 
the tuberculin on cattle must be a trained veterinarian, acquainted 
with the different diseases of cattle and on his guard against con- 
founding any one of these with the temporary fever caused by 
tuberculin in the consumptive. If it is claimed that every rise of 
the body temperature after the use of tuberculin must necessarily 
demonstrate the existence of tuberculosis, then truly tuberculin 
will be discredited. But ifit is held rather that a rise of tempera- 
ture after tuberculin, in a cow that furnishes to the most careful 
and skillful comparative pathologist no evidence of other disease, 
implies the existence of tuberculosis, the claim is substantially 
correct. To secure the valuable testimony of tuberculin, the 
practitioner must be highly skilled in the diseases of the animal 
operated on. If he is not he will be occasionally misled. 

Again heat or bulling may come upon a cow after the use of the 
tuberculin and the temperature will rise two or three degrees. 
To call such a cow tuberculous would be inexcusable careless- 
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ness. Yet the condition demanded, the rise of temperature after 
the use of tuberculin, is present. 

Again a cow that is closely approaching calving has the tem- 
perature raised. If tuberculin has been used it is often raised 
higher than it would be otherwise. It is therefore improper to 
use this agent on a cow at this period. 

Active exertion, exposure in the hot sun, confinment in a close 
building, the privation of water at the customary time and other 
conditions will cause rise of temperature. But such a rise would 
not imply tuberculosis, even after tuberculin. 

Apart from these and other such causes of error in unskilled 
hands, the rise of temperature under this test should be taken not 

.as a condemnation of tuberculin, but as a stimulus to search for 
small occult tubercles. A thorough search will rarely prove 
fruitless. 

2nd. The temperature sometimes fails to rise under the tuber- 
culin test, though the animals be in the last stages of tuberculosis. 

This also is true. Here the body seems to be already so 
saturated with tuberculin, that the small addition made in the 
test makes no impression, and if we trusted to the reaction alone, 
we would pronounce the cow free from the disease. But such cases 
are easily diagnosed without tuberculin. Even the unskilled more 
than suspect them, and a physical examination by the skilled 
practitioner leaves him in no doubt as to their condition. To use 
tuberculin on such cows is to waste an expensive agent and to 
run the risk of being misled. Objection based on blunders of this 
kind is valid enough as an argument against the use of tuberculin 
by the ignorant and thoughtless, but not against its use by an 
able practitioner. 

3d. ‘Tuberculin causes reaction in even the slightest cases of 
tuberculosis, in which the victims would survive for years and 
might recover. 

This charge is also true, and it is because of its truth that tuber- 
culin is invaluable and indispensible as a diagnostic agent, in all 
attempts to put an end to the disease. An eminent German pro- 
fessor (Eggeling) in objecting to the use of tuberculin as a general 
test records the following experience. In a herd of 37 reaction 
after tuberculin occurred in 31, while 6 gave no reaction. When 
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killed the 6 proved sound and the 31 without exception tubercu- 
lous. But of the 31 only 1 had general tuberculosis and was 
condemned as unfit for food, and 1 wassold as second-class meat. 
The 29 brought first-class prices as meat, and having been only 
slightly affected would probably have lived for years without in- 
fecting others. Now it is submitted that the German standard as 
thus given is not radical enough to secure safety for man or beast, 
nor to give hope of an early extinction of tuberculosis. The 
meat of the animal with two or three tubercles in one organ is 
generally, but by no means always, free from the germ. When 
the disease does extend from such isolated tubercles, as often 
happens, the germ is carried not only in the lymph, but in the 
blood, and with tubercle in the body no one can tell when the 
bacillus has passed into the circulation and reached the different 
organs. ‘Tubercles usually form slowly and the bacilli must have 
been in the blood for some time before they show as fresh tubercles 
in tissues and organs distant from the old ones. ‘The meat of a 
tuberculous animal can never therefore be fully guaranteed as 
safe to eat. But again, while acow with one or two tubercles 
only in lymphatic glands, may not be liable to transmit the disease 
to others, yet whenever an extension takes place, the germs being 
carried by the blood and therefore throughout the whole system, 
there must always be danger of their escape from the natural 
surfaces (lungs, udder, liver, bowels, etc.) to infect other animals. 
And let it be borne in mind, this diffusion through the blood takes 
place before its occurrence is revealed by the formation of tuber- 
cles in new situations. So long, therefore, asa single victim of 
even slight tuberculosis is left in a herd it can only be looked 
upon as an invitation to a renewed extension of the disease. It 
also may become at any moment a source of infection for man 
through the use of the meat or milk. Itis only in degree that 
the contagion of tuberculosis differs, as to its sanitary aspect, from 
that of any one of the more contagious diseases, and in all alike 
so soon as we attach more importance to the preservation of an 
infected animal that will probably recover, than we do to the 
radical extinction of the disease, we undermine and destroy the 
effectiveness of our sanitary work. Practically all cases of foot 
and mouth disease recover; yet the frequently recurring epizootics 
of this disease each cost from $5 to $10 per head over the entire 
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bovine population. Of the victims of Rinderpest and Lung 
Plague that do not speedily die practically all recover. Are the 
slighter cases therefore to be kept alive to perpetuate indefinitely 
those disastrous visitations that sweep away values of hundreds 
of millions? Is the remorseless scourge of tuberculosis to be 
perpetuated, not only in herds, but in our homes as well, to save 
for a few months or years some tuberculous cows? No country 
has ever dealt successfully with any of these animal plagues on 
the basis of preserving the mild cases for recovery. Always and 
everywhere it has been by the radical and thorough extinction of 
the disease germ wherever found, that success has been achieved. 
While this cannot be done for man, it must be done for our flocks 
and herds if we would ever cut off this prolific animal source of 
tuberculosis from the human race. Even as regards the herds 
themselves the stockowner who would consult his own future in- 
terests, would at any cost exclude from his barns and fields every 
possible source of future tuberculosis. 

As will be shown below the meat and milk of tuberculous ani- 
mals contain tuberculin (even when they do not contain the 
bacilli), and serve to aggravate any existing or latent tuberculosis 
in man. 

4th. A fourth objection to the tuberculin test is its alleged lia- 
bility to produce tuberculosis in healthy animals, or to aggravate 
it in the tuberculous ones. 

Now tuberculin, properly prepared is absolutely sterilized, so 
that it can plant no living germ nor start the growth of any 
tubercle in a healthy animal. The further claim that it aggra- 
vates tuberculosis which is already in existence, is too true, and 
is the sound basis of its value as a test. Asa means of testing 
the existence of tuberculosis in man it cannot be too strongly 
condemned, since no man has a right to seal the fate of his fellow ~ 
for the sake of finding out if he has tuberculosis. The same 
condemnation must be passed on the use of tuberculin as an 
alleged curative agent, except in those few cases in which the 
tubercle is confined altogether to the surface of the body, whence 
it can easily be sloughed off. The existence or possible existence 
of an internal or deep-seated tubercle in man should forbid the 
use of tuberculin for diagnosis or for curative purposes. 

The same remark would apply to animals if we adopt the Ger- 
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man view that it is impolitic to destroy those that are only slightly 
affected. If tubercle exists, to however limited an extent, tuber- 
culin tends to aggravate it, and the owner who wishes to preserve 
his mild cases cannot desire to have them made worse, which 
means to have the disease extended and possibly generalized. 

So in government sanitary work. Unless the government is 
prepared to slaughter and pay for every animal affected with 
tuberculosis in however slight a degree, it has no right to usea 
tuberculin test. It is only when the State means to make thor- 
ough work in eradicating tuberculosis from the herds that the 
tuberculin test is at all admissible. But when the State aims at 
the thorough extinction of the disease in our herds this test can- 
not be omitted, as it is absolutely essential to success. The tem- 
porary aggravation of the disease is no possible harm, when the 
animal is to be promptly killed and paid for. 

Tosuniup: The tuberculin test aggravates existing tuber- 
culosis and is, therefore, unwarrantable for use on man or on cat- 
tle that are to be kept alive; it is, however, the only known 
means of detecting many occult cases of tuberculosis and is, 
therefore, indispensible in any systematic effort to stamp out the 
disease by the purchase and slaughter of every tuberculous 
animal. 


MEAT AND MILK OF TUBERCULOSIS ANIMALS UNFIT FOR FOoD. 


In this connection we must consider two questions essentially 
distinct from each other and equally important in a sanitary sense. 
The first is the question of zzfection by the use of such food prod- 
ucts, and has been very fully investigated by pathologists and 
sanitarians. The second question—is that of pozsoning by the 
pernicious products of the germ and has hitherto been entirely 
ignored by sanitary writers and administrators. It will be con- 
venient to consider these questions separately. 


I. INFECTION BY BACILLI IN MEAT AND MILK. 


First however it will be instructive to compare the geographic 
distribution of cattle and that of tuberculosis, not with the view 
of showing that most of the tuberculous infection of man comes 
from cattle, for it probably comes mainly from his fellowman, but 
to demonstrate rather that in some way the intimate relation of 
cattle to man is a potent agent in the extension and maintenance 
of consumption in the human family. To the student of this 


TUBERCULOSIS. 131 


subject it is plain that where cattle are few or absent consumption 
is relatively less prevalent in man. In northern Norway, Sweden, 
Lapland and Finland where reindeer constitute the chief farm 
stock,about Hudson Bay and in the islands of the Pacific where no 
cattle exist, and in the Scottish Hebrides, Iceland and Newfound- 
land where cattle are few, tuberculosis is far less prevalent in man. 
In Algiers (a resort of consumptives) the cattle are few and live 
in the open air apart from the cities and tuberculosis does not in- 
crease among the natives. In Italy (another resort of consump- 
tives) where cattle are housed, tuberculosis has become the 
scourge of man and beast (Perroncito). In Australia (a great re- 
sort for the English consumptive) the disease, formerly unknown, 
has become exceedingly prevalent, and the same is becoming true 
of our own Minnesota formerly so lauded as favorable to weak 
lungs. 

In the temperate regions of Europe and the United States at 
least every eighth death is due to consumption. Dr. Biggs tells 
us that in New York City every fifth death is from tuberculosis of 
the lungs. He adds that in the Charity hospital of the city 30 
per cent. of all deaths show old lesions of tuberculosis now be- 
come stationary. He quotes a Vienna hospital pathologist to the 
effect that he finds similar old stationary lesions in 85 per cent. of 
all post mortem examinations. This leaves but 15 per cent. who 
have not suffered from tuberculosis. 

But our Northwest Indians furnish the most striking illustra- 
tion of infection derived from cattle and fostered in man by unhy- 
gienic surroundings. Dr. Treon in the American Practitioner de- 
scribes the poor emaciated diseased animals furnished to the tribes, 
how the Indians eat the liver, tallow and entrails raw and fresh, 
and how the carcass is dried, pounded and packed in the skins to 
be eaten later without cooking. The meat is eaten even though 
the animal may have died of disease. Dr. Holder in the J/edical 
Record (August 13, 1892) gives the Indian mortality from con- 
sumption as 50 per cent. of all deaths at Green Bay, Wis., Tulalip, 
W. T., and Western Shoshone, Nev. He says that at Lower 
Brulé, Dak., scrofula is present in 60 per cent. of the Sioux under 
21 years and that at Crow Creek, Dak., 50 out of a total Indian 
population of 1,200 die yearly of consumption and scrofula. Taken 
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along with half as many deaths from other causes this would kill 
the whole 1,200 in 16 years. 

‘These are extreme examples it is true, in which the transmission 
and fostering of the disease by cattle, is extended and aggravated 
by overcrowding and every imaginable unhygienic condition, 
among the human consumers. 


Experimental Tuberculosis by Feeding. 


The experimental transmission of tuberculosis by feeding 
tuburculous products was demonstrated by Villemin, Gunther 
and Harms, Zurn, Gerlach, Johne, Kolb, Toussaint, Chauvean, 
Peuch, Leisering, Bollinger and a host of others, the animals in- 
fected in this way including Guinea pigs, rabbits, fowls, swine, 
sheep, goats, dogs, cats and birds. Infection was by no means so 
constant as when inoculation was performed, yet in 322 experi- 
ments recorded by Johne 13 per cent. became tuberculous. The 
varying results depend on a variety of causes, among which may 
be named :— 

Ist. The relative susceptibility of the various animals experi- 
mented on. As we know this varies greatly with the genus, 
species, family and even the individual. 

2d. ‘The condition of the digestive organs at the time of feed- 
ing. The bacillus tuberculosis lives in an alkaline or neutral 
medium and suffers weaking or even death in an acid liquid like 
the contents of the stomach during active digestion. If there- 
fore the subject of experiment has a strong digestion, and if in- 
fecting matter is taken only during active digestion, infection is 
usually promoted. If on the other hand the infecting material 
passes through the stomach in water or otherwise in the intervals 
between digestion when the stomach is neutral, if there is indi- 
gestion so that the contents are only mildly acid, and infecting 
morsels pass into the bowel without having been digested or 
thoroughly impregnated with acid, orif the stomach is overloaded 
so that part of its food passes on undigested, then manifestly in- 
fection is possible or probable. Again if there are raw sores on the 
mouth, throat or gullet or if the germ happens to lodge in the 
recesses of the bowels or pass down into the lungs infection may 
start from any such point as a center. 

3d. The germ is more or less virulent according to the animal 
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from which it is derived. Thus the virus from the ox which proves 
certainly fatal to the guineapig on inoculation, cannot be suc- 
cessfully inoculated under the skin of the guineapig after it has 
passed through several generations in as many birds, but if inocu- 
lated from the bird in the abdomen of the guineapig and con- 
tinued for several generations in this rodent it reacquires all its 
former potency (Nocard, etc.). So toa less extent with cattle ; 
from one cow the inoculation invariably produces the disease ; 
from another only occasionally. The same must holdin feeding. 

ath. The degree of infection of the material fed has much in- 
fluence. Tuberculous glands, and tubercles whether recent or 
caseated are of course the most certainly infecting. The blood 
and red flesh (in the ox) may be said to be the least frequently 
infecting, while the infecting power of milk will vary according 
as the udder is or is not the seat of tubercle. Toussaint who 
seems to have met with especially virulent cases inoculated suc- 
cessfully with the blood, nasal discharge, bile, urine, tears, flesh 
juice, dung, etc., of a tuberculouscow. Others like Nocard and 
McFadyean have failed with blood and flesh juice. The danger 
may be estimated by taking a middle position. It maybe well to 
consider the blood, flesh and milk separately. 


Dangers from Blood. 


It cannot be denied that blood is inimical to this bacillus as to 
most other microbes. Even if the virus is injected into the veins 
in such quantity as to produce general tuberculosis, the germs 
become largely arrested in different organs or robbed of their vir- 
ulence so that in a few days the blood is comparatively little 
infecting. This does not, however, do away with the fact that 
the injected bacilli live long enough in the blood to produce tuber- 
cles in many different organs, and the same is true when the dis- 
ease extends from single primary tubercles, to a general tubercu- 
losis ; in most cases the bacilli can only have travelled through 
the blood. Bang found that of 20 cows in advanced tuberculosis, 
the blood of only two (or 10 per cent.) proved infecting when 
inoculated. Nocard has never succeeded in producing the disease 
by injecting the blood of a tuberculous ox into the abdominal 
cavity, yet he recognizes that as the disease extends by means of 
bacilli conveyed by the blood, this liquid must be infecting wher-_ 
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ever these bacilli are contained in it. As the migrating bacilli 
must be present in the blood before these secondary tubercles can 
be formed by them in organs distant from the tubercles that gave 
them birth, it follows that this infecting condition of the blood 
must precede the formation of the secondary tubercle, or general 
tuberculosis. While therefore it is quite true that the probabilities 
of infecting blood are greatly increased when the tubercles are 
numerous and generally diffused, it is an error to assume that the 
restriction of the tubercles to one organ isa guarantee that the 
blood is non-infecting. And when we cannot give a guarantee for 
the blood we can give none for any part or organ in which blood 
circulates. 


Danger from Flesh. 


It would seem as if the muscle or red flesh in cattle were antag- 
onistic to the bacillus tuberculosis. Certain it is that tubercles 
are rare in the substance of the muscle. They are, however, 
very common in the lymphatic glands lying between the muscles, 
and in swine they are common in the substance even of the red 
flesh. The flesh of tuberculous pigs is therefore far more danger- 
ous than is that of consumptive cattle. Even in tuberculous 
cattle, however, the beef is not always free from bacilli as shown 
especially by the crucial test of inoculating its juice. Arloing 
tested 10 tuberculous cattle in this way by inoculating guinea- 
pigs and found that the muscle from two of the cows only (20 per 
cent.) proved infecting, and that only 3 of the 10 guineapigs 
inoculated by the muscle juice of these two cows became tuber- 
culous. Galtier fed two calves and two young pigs with the raw 
flesh of a tuberculous cow, but failed to infect them. This fail- 
ure was, however, not necessarily due to the absence of bacilli, 
since two rabbits inoculated with juice from the same flesh con- 
tracted tuberculosis. Nocard fed several litters of young kittens 
on the flesh of cattle condemned as tuberculous, at the abattoirs 
of La Vilette and Grenelle, but none of them contracted tuber- 
culosis.* Perroncito fed 18 young pigs from three to five months 
on the flesh of cattle condemned as tuberculous in the Naples 
abattoirs, yet none became tuberculous. 


*By inoculation with the muscle juice of tuberculous cattle Nocard 
infected 5 per cent. of the subjects of experiment. 
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Two things are shown by the above: (a) that the red muscle 
is less frequently infecting than other parts, yet unquestionably 
so in some cases; and (b) that the acid stomach juices during 
vigorous digestion are in some measure protective. It is equally 
plain that no sufficient guarantee can be given as to the safety of 
the raw flesh in any particular case. Then, again, the intermus- 
cular lymphatic glands, which are favorite seats of infection, were 
carefully avoided in the above experiments with flesh juice, yet 
they always go with the dressed carcass and are eaten with its 
steaks and roasts. Ingpigs, as already noted, the muscle itself is 


often tuberculous. 
Danger from Milk. 


Milk is more to be dreaded than meat because the udder is 
often the seat of tuberculosis, and the milk is usually taken 
uncooked. ‘The danger is enhanced by the fact that this is often 
the necessary and only food of the infant and invalid, in which 
the germ is especially liable, through weak and imperfect diges- 
tion, to escape into the susceptible bowel. 

In milk, as in the case of meat, a strong, vigorous digestion 
does, in some measure, protect. the consumer. Peuch fed a two 
months’ pig in five days 4% quarts of milk drawn from a tuber- 
culous udder, and killed in 56 days it proved quite sound. He 
inoculated four rabbits with the milk and all four became tuber- 
culous. Again, in the absence of tuberculosis in the udder the 
milk may be little, if at all, infecting. Gerlach, who produced 
tuberculosis in calves, pigs and rabbits by feeding the milk, 
found no result from certain tuberculous cows, while others 
infected a large proportion. Nocard and McFadyean have been 
unable to infect rabbits, etc., with milk from an apparently 
sound udder of a tuberculous cow. The same has been my ex- 
perience with milk from one cow in the last stages of chronic 
tuberculosis, and another having acute tuberculosis. Bollinger, 
Nocard and McFadyean claim that in the absence of tubercle in 
the udder the milk is not infecting. Whether true or not as an 
ultimate fact this cannot be made a rule of action, as the follow- 
ing will show : 

Hirschberger inoculated rabbits in the abdominal cavity, with 
the milk of 29 tuberculous cows of which the udders were or 
appeared sound, and produced tuberculosis 14 times. 
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Bang inoculated from 63 tuberculous cows selected for their 
sound udders, and found the milk of 9 of them infecting. A care- 
ful microscopic examination revealed tuberculosis in the udders of 
three of the cows, leaving six giving infecting milk in which even 
after death, and with all scientific appliances no tubercle could be 
found in the udder. ‘This is 9.5 per cent. as tested by the micro- 
scope after death; it was 14.28 percent. as tested by the able 
veterinary professor during the life of the cows. 


Ernst found to cows in 35 with infecting milk though the | 


mdders were sound. In 103 animals ingeulated 17 contracted 
tuberculosis, and of 12 calves sucking the cows 5 became tuber- 
culous. 

Drs. Smith and Kilborne (Bureau of Animal Industry, Bul- 
letin No. 3.) found the milk infecting in three cows out of six 
with apparently sound udders. One infecting cow, and one non- 
infecting one had each tubercle in the lymphatic gland behind the 
udder. Forty-four per cent. of the inoculated guinea-pigs con- 
tracted tuberculosis: 1 in 5 from one cow, 8 in 10 from another 
and 6 in 6 from the third 

In my own experience three calves, from healthy parents, suck- 
ing the apparently sound udders of three cows with general tuber- 
culosis all contracted the disease. 

It must be allowed that calves sucking the cows run extra risk 
of infection through their nurses licking them and through feeding 
from a common trough, but there is the same danger for the ordi- 
nary milk consumer, since the cow in licking her udder is liable to 
leave bacilli to fall into the pail at the next milking. 

Again the concentration of the bacillus in the indiluted milk 
of an infecting cow, renders this much more dangerous than the 
milk of the same cow diluted, with that of 20, 50 or 1ooothers. 
Bollinger and Gebhardt found that milk which infected all ani- 
mals that took it pure, was apparently harmless when diluted with 
50 or 100 times its volume of the milk of sound cows. As the 
bacillus can live in milk this apparent loss of virulence must be 
largely due to the reduction of the number of bacilliin a given 
measure of milk, and to their tendency to removal by adhering to 
the sides of the vessel during the mixing. 

Tuberculous expectoration which is incomparably richer in bacilli 


a 
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may be diluted in 100,000 times its volume of water and yet 
remain infecting. But again the glutinous saliva forms a pro- 
tecting coating which strongly resists dilution. 

Infection of Man Through the Milk.—Instances of accidental 
tuberculosis of the human being through drinking the unsterilized 
milk are no longer wanting. 

In the practice of Dr. Stang of Amorback, a well developed five 
year old boy, from sound parents, whose ancestors on both male 
and female sides were free from hereditary taint, succumbed, after 
a few week’s illness with acute milliary tuberculosis of the lungs 
and enormously enlarged mesentric glands. A short time before 
the parents had their family cow killed and found her the victim 
of advanced pulmonary tuberculosis. (Lydtin). 

Dr. Demme records the cases of four infants in the Child’s 
Hospital at Berne, the issue of sound parents, without any tuber- 
culosis ancestry, that died of intestinal and mesenteric tuberculosis, 
as the result of feeding on the unsterilized milk of tuberculous 
cows. ‘These were the only cases in which he was able to exclude 
the possibility of other causes for the disease, but in these he was 
satisfied that the milk was alone to blame. 

After a lecture of the author’s at Providence, R. I., a gentleman 
of North Hadley, Mass., a graduate of the Massachusetts Agri- 
cultural College, publicly stated that his only child, a strong, 
vigorous boy of one and one-half years, went to an uncle’s for 
one week and drank the milk of a cow which was shortly after 
condemned and killed in a state of generalized tuberculosis. In 
six weeks the child was noticeably falling off and in three months 
he died, a mere skeleton, with tuberculosis of the abdomen. The 
father could trace no tuberculosis among his near ancestors, but 
the mother’s father and uncle had both died of it. She remains 
in excellent health. 

Dr. EK. O. Shakespeare (J/ed. News, March 26th, 1892) attrib- 
utes one-fifth of all deaths in infants and young children, feeding 
on milk, to tuberculosis usually commencing in some part of the 
digestive organs. 

Identity of tuberculosis in cattle and man.—This is abundantly 
proved in the above instances of the infection of man through 
the milk and in the hundreds of cases in which the tubercle of 
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man has been successfully inoculated on the lower animals. As 
evidence of direct transference of the disease from cattle to man 
by inoculation the following two cases are quoted : 

Tscherming, of Copenhagen, attended a veterinarian who had 
cut his finger in making a post mortem examination on a tuber- 
culosis cow; the wound healed, but there remained a swelling 
which soon ulcerated and refused to heal, so that the whole tumer- 
fied mass had to be cut out. The microscope revealed the dis- 
tinct tubercular process and the presence of the characteristically 
staining bacilli. 

Pfeiffer attended a Weimar, veterinarian of the name of Moses, 
34 years old, of a good constitution, and without hereditary pre- 
disposition, who, in 1885, cut his right thumb deeply in making 
a post mortem examination of a tuberculous cow. The wound 
healed but six months later the cicatrix still remained swollen, 
and in the autumn of 1886 the man had pulmonary tuberculosis 
with bacilli in his sputa and death occurred in two and a half 
years after the wound. Post mortem examination revealed tuber- 
culosis of the joint of the wounded thumb, and in the lungs 
extensive tubercles and vomice. 

To Tscherming’s may be added the case of a young veterinary 
friend of the writer, who was inoculated in the hand in opening 
a tuberculous cow, and suffered from a tumefaction of the result- 
ing cicatrix, with distinct tubercle bacilli. The surgical removal 
of the tumefaction manifestly saved the subject from a general- 
ized tuberculosis. 


II. PoIsoNING BY PTOMAINES AND TOXINS, IN MEAT AND 
MILK OF TUBERCULOUS ANIMALS. 


By an unaccountable oversight medical and veterinary Sani- 
tarians alike have never, up to the present hour, looked beyond 
infection by the tubercle bacillus in estimating the dangers to 
man of tuberculosis in our flocks and herds. We find accordingly 
that the question kept continually before the public is that of the 
presence or absence of the tubercle bacillus in any food product, 
—meat, milk, butter or cheese—furnished by the diseased or sus- 
pected animal. The question of the presence or absence of 
ptomaines or other toxic elements which are calculated to prove 
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hurtful or even fatal to certain members of the human race is not 
for a moment considered. 

Hence we are met by the most elaborate arguments that tuber- 
cle is rare in the muscular system of cattle, and that muscle juice 
is inimical to the bacillus and that therefore the muscular tissue 
which forms the great mass of the dressed carcass may, asarule, 
be safely eaten even though the internal organs may have been 
affected by tubercle. In Germany and other European countries 
the flesh of animals in which the tubercles are found in only one 
organ or in two related ones, is passed as wholesome. It is only 
when the tubercles are found in the bones, or muscles, or in the 
lymphatic glands among these, or finally when the tubercles are 
so generally distributed in different parts of the body that it is 
evident that the bacilli must have been carried by the blood, that 
the meat is rejected as unfit for human food. So with milk and 
other dairy products; many claim with Nocard and Mc Fadyean 
that the milk is harmless so long as the udder is quite free from 
tubercle, and that it is only when tubercle is unmistakably present 
in that gland that this secretion is to be feared. Apart altogether 
from these discussions as to the wholesomeness of uncooked 
flesh and milk it is safe to say that up to the present, every writer 
on the subject holds that even the infecting tuberculous meat and 
milk is rendered absolutely harmless by cooking, Theconsensus 
of professional opinion on this subject is tersely given by Salmon 
and Smith in their article on tuberculosis in the work on the 
*“Diseases of Cattle’’ published by the Bureau of Animal In- 
dustry—‘‘ Fortunately tubercle bacilli are readily destroyed by 
the temperature of boiling water, and hence both meat and milk 
are made entirely safe, the former by the various processes of 
cooking ; the latter by boiling for a few minutes.”’ 

But this is altogether too narrow a view to take of the subject, 
and it is liable to lead to most serious and fatal results if put into 
every-day practice. The professional mind, in concentrating its 
attention on /ubercular infection, has practically entirely over- 
looked the no less real and, in many cases, no less dangerous fact 
of tubercular poisoning. ‘To elucidate this matter let us consider 
that much of the poisonous matter produced by the growth of the 
tubercle bacillus is retained in Koch’s ‘‘tuberculin,’’ which has 
been absolutely sterilized. What, then, is the action of “ tuber- 
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culin’’ on the animal system? It produces a constitutional dis- 
order with elevation of the body temperature, commonly known 
as fever, and an impairment of most of the bodily functions, nota- 
bly those of assimilation and secretion. This is abundantly man- 
ifest in the wasting and fever of the victim of acute tuberculosis 
in which these poisonous principles are being constantly produced 
in large quantities. As the dose is reduced, a point is finally 
reached at which no fever nor appreciable systematic derangement 
is produced, and thus in many slight and indolent cases of tuber- 
culosis the animal appears well, and thus, also, the usual test 
dose of tuberculin has no recognizable disturbing effect on the 
healthy animal system. With a dose less than this it may even 
be questioned whether it may not be actually beneficial in con- 
ferring on the healthy system a small measure of tolerance and 
power of resistance to the bacillus and its poisons. ‘This, how- 
ever, is of little account, seeing that no real immunity from tuber- 
culosis is ever acquired. In many systems, both human and 
brute, the disease continues its slow progress for many years, and 
the slight tolerance that results, while it may suppress the dis- 
ease so that it assumes an indolent and chronic form, does not 
fully arrest it. 

Very different is the effect of even a minimum dose of tubercu- 
lin on a subject which is already attacked with tuberculosis. In 
such a case the products of the existing tubercle, circulating in 
the blood and tissues, are often so small in amount and the sys- 
tem has acquired such a tolerance of them that there is no mani- 
fest disturbance of health and the animal may even be in excellent 
condition. But add to this minimum amount of poison already 
in the system a small quantity of tuberculin and in ten or fifteen 
hours the temperature of the patient’s body will rise two or more 
degrees above the normal, and the destructive process going on 
in the seats of the tubercles will be accelerated. In cattle this is 
now used as a most valuable test of the presence or absence of 
occult tubercle. In horses and other animals, the subjects of 
of tuberculosis, ‘‘tuberculin’’ causes the same rise of temperature, 
and this rise may be accepted as a rule applicable to all classes of 
animals. In the tuberculous man this action of ‘‘ tuberculin’? is 
a well established fact, and was made the basis of Koch’s employ- 
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ment of this material as a curativeagent. The daily use of tuber- 
culin in cases of lupus or other superficial forms of tuberculosis 
led to a more active congestion and an earlier molecular death of 
the tissues of the local tubercle, until these were separated from 
the living, healthy parts and the progress of tuberculosis in that 
part was arrested. If there were then no deeper unseen tubercles 
left in the system, a real cure might be effected in this way. But 
the cure in such a case was only secured by a temporary aggrava- 
tion of the disease in its primary focus. If other tubercles existed 
in internal organs they, too, had the morbid process aggravated 
and extended and the death of tissue increased by the fresh intro- 
duction of tuberculin from without. In such a case the increased 
mass of tubercle—dead and living—remained confined in the 
midst of the surrounding tissues, and as the infecting materials 
could not be cast off and separated from the body, they continued 
their ravages with an increasing force in proportion to their recent 
artificial extension. 

It is this extension of the tuberculosis under the influence of 
the toxic products of the bacillus which raises the most impor- 
tant question in connection with the consumption by man of the 
flesh and dairy products of tuberculous animals and yet this 
question has been overlooked by sanitarians in the most unac- 
countable way.- It has seemed enough for them that the living 
tubercle bacillus did not exist in the juices of the muscles nor in 
the milk. It seems never to have occurred to them that all the 
soluble poisonous products of this bacillus were constantly circul- 
ating in the blood which passes through the muscles, and that 
they equally traversed the blood vessels of the mammary glands 
and escaped into the milk. No pathologist can for a moment 
doubt this general diffusion of these products in the tuberculous 
subject. 

Accepting then as undeniable the presence of the soluble chem- 
ical poisons in blood, flesh and milk, it follows that those who 
‘eat this flesh or milk are continually taking in small doses of 
tuberculin, and that in case they are already the victims of tuber- 
culosis in however slight or indolent a form, this continuous 
accession of the poison will rouse the morbid process into greater 
activity and secure a dangerous extension. 
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If we now consider the frightful prevalence of tuberculosis in 
the human race, that here in New York every eighth person dies 
of tuberculosis, that in cities like Vienna 85 per cent. of the peo- 
ple suffer from it, and that in our own cities 30 to 50 per cent. 
contract it at some period of life, we see what a fearful risk is 
being run by the utilization of the meat and milk of animals so 
affected, even if it could be shown that such meat and milk were 
in themselves free from the living bacillus. Such reckless con- 
sumption of the products of tuberculous animals can only be looked 
on as a direct means of sealing the fate of that large proportion 
of the community which are already slightly affected with tuber- 
culosis. 

The claim that the canning of tuberculous carcasses and the 
boiling or Pasteurizing of milk does away with every element of 
danger can nolonger be entertained. Sterilization is not a restora- 
tion to a non-poisonous condition ; it does away with the possibil- 
ity of infection, it is true, but it does not render the product in- 
nocuous. 

As a matter of fact Koch’s tuberculin has been sterilized by 
heat, but this has not by any means rendered it safe and harmless. 
On the contrary it invariably intensifies any existing tuberculous 
process and develops fever and general constitutional disorder. 
When tuberculin, therefore, is present in meat and milk it can only 
cause these to operate in the same way on subjects that have been 
already infected. In my experience with tuberculous cows, cases 
have come to my knowledge in which invalids drinking the milk 
of such animals have suffered very obviously and have improved 
after such milk was withheld. So too in the case of calves suck- 
ing phthisical cows; they have done badly and proved unthrifty 
though they took the whole of the milk furnished by their re- 
spective nurses, and they have thriven better when weaned and 
put upon solid food alone. I have followed some such calves 
until they grew up and were slaughtered, and have made post- 
mortem examinations and found them bearing old calcified tuber- 
cles pointing back to the time when they sucked 1 infected and 
poisonous milk. 

It is idle to say that such milk was merely lacking in nutritive 
principles :—the calves in question had access to other food, while 
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following their nurses, and would not have been harmed by taking 
the same amount of pure water as they took of milk. Apart from 
the bacilli, which operated slowly, and which allowed these ani- 
mals to live for years and even thrive after they had ceased taking 
the milk, there was unquestionably in this secretion a definite 
poison which undermined the health and stimulated the progress 
of the tuberculous process. Accessions of bacilli are not denied, 
but at the worst these acted tardily, and apart from the soluble 
poisons their action must have been cumulative up to the cessation 
of the milk feeding, so that immediately after the withdrawal of 
the milk the morbid action should have been greater than at any 
time before this, whereas in the cases in question improvement 
dated from the change to dry coarse food. 

K. Yamagiva in his experiments on guineapigs obtained corre- 
sponding results. After inoculation with tubercle, the admini- 
stration of tuberculin greatly hastened the onset of general tuber- 
culosis so that after a week tuberculous centres were found in 
lymphatic glands, spleen, liver and lungs. 

If this is the result in guineapigs which though very subject to 
tuberculosis are not easily poisoned by tuberculin, how much 
more so in man whois many thousand times more susceptible to 
tuberculin? The healthy guineapig is almost unaffected by 2 
grammes of tuberculin, while man weighing eighty times as much 
is seriously affected by .; gramme. In the tuberculous condi- 
tion the guineapig reacts violently under 4% gramme, while man 
is seriously affected by ;,,5 gramme. Weight for weight being 
considered it follows that the consumptive man is 20,000 times 
more susceptible to the tuberculin poisons thanis the guineapig. 
From this may be inferred the danger to the tuberculous man, of 
meat or milk containing the poisons of tuberculin. 

It may besafely held as proved, by analogy, observation and 
experiment that the soluble poisons. of tuberculosis invariably 
operate by exaggerating any existing tuberculous process, and that 
blood and all animal fluids becoming charged with such poisons 
uniformly tend to further endanger the health or even the life of 
any person who may consume them while suffering from tubercu- 
losis. 

We may freely allow that the transmission of the bacillus from 
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man to man is far more common than from beast toman. But 
though the implanted seed may have been in many cases derived 
from a fellowman, its subsequent destructive progress may be due 
far more to the constant accessions of the soluble poisonous prod- 
ucts conveyed in the meat and milk of tuberculous animals. 
Without these constant doses of soluble poisons of tubercle, the 
implanted germ would in many cases have proved comparatively 
harmless. Although it could be proved in regard to many cases 
that the cow had not contributed the seed of the diseases, she is 
left little less responsible for the destructive progress and fatal 
result. The germ which might have remained comparatively dor- 
mant and harmless in the absence of the poisoned meat and milk 
is by these stimulated to a more deadly energy. 


How To MEET THE DANGER. 


This hitherto unchallenged factor in the progress of tubercu: 
losis, opens up new and uncultivated fields for sanitary work. 
The great evil ventilated in this paper cannot be effectually met 
without the eradication of tubercolosis from every herd kept for 
the supply of food products for the public. Nothing short of this 
can be trusted to act satisfactorily in putting a check upon the 
present fearful mortality from this disease. No inspection of 
dressed carcasses, nor of milk, butter and cheese will furnish a 
guarantee. Wemust goto the herds and subject them animal 
by animal to a critical test, and only accept the products as safe 
when there is no longer a shadow of suspicion remaining. A 
professional examination of the most searching kind must be 
supplemented by the “‘tuberculin’’ test before a clean bill of health 
can be furnished. In my own experience on cattle two thirds of 
the cases of tuberculosis sometimes escaped under the most criti- 
cal professional examination and were detected later by the 
‘‘tuberculin’’ test. Often, when cattle were condemned by the 
‘*tuberculin’’ test, have the owners pronounced them the most 
thrifty and the least suspected in the herd, and it was only after 
slaughter, when the bodies were opened and the caseated tubercle 
exposed, that they were satisfied that no mistake had been made. 
Recently ina herd kept for the supply of high priced milk of 
guaranteed soundness, the stock having been subjected to weekly 
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examinations by a veterinarian, the ‘‘tuberculin’’ test was ap- 
plied and 50 per cent. of the herd demonstrated to be tuberculous. 
Without the “‘tuberculin’”’ test there is no guarantee possible for 
the products of the dairy, and the sanitary officers who will affect 
to deal with this disease in herds without the aid of ‘‘ tuberculin ”’ 
are at best but pruning the tips of the branches of the evil tree. 
Public money ought not to be thrown away on such fruitless and 
ineffective work. ‘The purification of a herd must be followed in 
every case by a thorough disinfection of contaminated buildings 
and places, and by acareful seclusion of the herd from new sources 
of infection. It is evident therefore that the nontuberculous herd 
must be secured against the addition of fresh animals from any 
herd that has not been similarly attested sound, and that any 
necessary addition from another source must be tested by ‘‘ tuber- 
culin’’ before it is added to the herd. Equally important is it to 
test all farm animals of whatever species which live on the place 
and cohabit with the herd, and to see to it that no human being 
suffering from tuberculosis is allowed to attend to the animals or 
to prepare their food. It is difficult to see how anything short of 
such a system can afford a guarantee of the absence of the soluble 
tubercle poisons from our milk, butter and cheese. 

In the case of butcher meats a professional examination when 
slaughtered, covering all of the viscera.as well as the carcass, 
will be essential, and the current doctrine of sound meat with 
localized tuberculosis must be abandoned. Every municipality 
must have its own public abattoir in which alone its meat supplies 
should be butchered and where every carcass should be systemati- 
cally examined as it is opened. Private slaughter-houses con- 
trolled by individual owners afford endless opportunities for the 
evasion of sanitary statutes, and ought to be abandoned as relics 
of an age when modern sanitary science was unknown. 

The question of dressed, canned and salted meats is one that 
must be carefully considered. It is quite evident that such pro- 
ducts must come to us with a sufficient guarantee if allowed to 
compete with our home meats which have passed the municipal 
inspection. It is equally evident that no inspector paid by the 
packer or canner can furnish a certificate which will command 
public confidence. The inspector must be a government official who 
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is entirely independent of the packers and who is in no way de- 
pendent on their good will. 

Then again the existing method of furnishing government in- 
spectors at our great packing centers only, and thus giving a 
monopoly to the large operators, cannot be long maintained in a 
country of equal rights and privileges. The most obvious cure for 
this evilis to make all packing establishments government insti- 
tutions, where the small packer shall have equal privileges with 
the large, and where all carcasses shall be subjected to the same 
scrutiny and all shall go out with the same guarantee. 

Such a proposition will doubtless be severely criticized both 
from the medical and economic standpoint. 

On the medical side it will be argued that if the soluble poisons 
in the meat and milk were as injurious as represented, we would 
see the evil results on every side and that medical men would be 
universally cognisant of them. And yet do we not see clearly 
to-day much that was never suspected twenty, thirty or fifty years 
ago? How recent is the acceptance by the profession of the doc- 
trine of contagion in tuberculosis, in tetanus, in pneumonia, in 
influenza, in glanders, etc. Are we to suppose that our forefathers 
were surrounded by fewer evidences of contagion, at a time when 
no precautions were taken to prevent it, than we are with all the 
antiseptic and antizymotic provisions of the present day? The 
facts of contagion were doubtless more abundant in their days 
than in these, but their attention had never been drawn to them. 
So now let the attention of physicians and sanitarians be given to 
the morbid action of soluble poisons of tubercle and evidences of 
their evil results will accumulate on allsides. It is the scrutiny 
and not the facts that are wanting. 

The economist will object to drastic measures for the suppres- 
sion of tuberculosis on the ground of expense. Whao is to pay for 
the municipal abattoirs, the inspectorships, the disinfections, and 
the indemnities for slaughtered animals? In return let me ask, 
who now pays for the constant losses of live stock which the pro- 
posed system would put a stop to; for the frequent infection of 
sound herds by unfortunate purchases of animals that prove to be 
tuberculous ; for the losses to the natton, to the community and 
family of the tuberculous one-eighth of all deaths ; for the loss of 
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work—literary, scientific, manufacturing, commercial, domestic 
and manual of the great host of consumptives waiting all over the 
land to fill the places of this fatal eighth in coming mortality 
statistics ; for the losses represented by the bills of the physician, 
nurse and druggist for these invalids; and for the losses repres- 
ented by the many migrations and exiles in search of health and 
of the costly consumption hospitals and sanitaria? And who is 
to pay in the future for the needless harvest of similar fruits, 
which the seeds now sown through our supineness, must inevitably 
produce in the coming generations ? 

Is it not a truer economy to destroy the seed before in has ger- 
minated, or even before it has been sown, than to wait for the mul- 
titudinous evils that must attend on its growth and fructification ? 


PREVENTIVE MEASURES FOR ADOPTION BY THE STOCKOWNER. 


If he will the stockowner can extirpate this disease from his 
herd and thereafter keep the herd pure from such contamination. 
The following are the main precautions necessary to tnis end: 

1st. Board wp the partitions of the stalls at the front so that 
no two cows can feed from the same manger nor lick each other. 

2d. Keep each animal strictly by its own stall and manger. 
3d. When any animal is suspected don’t let it use a drinking 
trough nor bucket in common with other animals. 

4th. Avoid old milch cows and unthrifty ones, or keep them 
secluded from the rest of the herd. 

5th. The following conformation usually indicates a weakness 
of constitution and a susceptibility to tuberculosis: Head narrow 
between the horns, sunken eyes, depth of cavity (temporal) back 
of the eyes, thin narrow ewe neck, chest small, lacking in both 
breadth and depth, hollow flank and tendency to pot belly, a 
general lack of muscle so that the limbs seem loosely attached to 
the body, in breeds that show a variety of colors, animals of the 
lighter shades of brown and yellow. If, however, such animals 
are of high value for the dairy, and can be kept free from infec- 
tion they need not be rejected. The finest conformations of 
shorthorns, Devons, Holsteins, black or red polled furnish no 
protection in the presence of the germ. 
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6th. Don’t purchase from a herd in which tuberculosis has 
appeared or in which cattle have died or been killed within a year 
or two. Resort first to the tuberculin test. 

7th. Don’t take a cow with a husky or rattling cough, wheez- 
ing, hurried breathing, discharge from nose, foetid breath, hard 
bunches under the skin, diseased udder, swollen bones or joints, 
unthriftiness, or a tendency to scour or bloat. 

8th. Don’t purchase from city, suburban nor swill stables. 

gth. Don’t add newly purchased cattle to your herd until you 
have tested them with tuberculin, especially if they have been the 
product of inbreeding. 

roth. Don’t admit strange cattle to house, field nor yard with 
your own; keep them apart until tested with tuberculin. 

t1th. Incase of disease or unthriftiness in your herd put the 
animal apart and have it examined by a skillful veterinarian. 

12th. If after this there remains any doubt as to the real 
nature of the disease, have the animal tested with the tuberculin, 
in the hands of ‘a practitioner thoroughly acquainted with cattle 
and their diseases. If the result is not yet quite clear keep the 
animal by itself and repeat the test in four weeks. 

13th. In case one animal in a herd shows tuberculosis test the 
whole herd with tuberculin. 

14th. ‘Test in the same manner all animals on the farm (swine, 
goats, sheep, horses, rabbits, cats, dogs, fowls) that cohabit with 
the cattle. 

15th. Kill all tuberculous animals and boil, burn, dissolve in 
acid, or bury deeply in a place to which no animals have access. 

16th. Disinfect premises thoroughly, also all products of the 
diseased animals and all articles used about them. 

17th. Let no consumptive person attend on cattle or other 
live stock, nor prepare their food. 

18th. Vermin (rats, mice, sparrows) in a building where tuber- 
culous animals have been, should be exterminated. 


STATE MEASURES FOR THE PREVENTION AND EXTINCTION OF 
TUBERCULOSIS IN Farm ANIMALS. 


The best, most effective, and economical measures for ‘the sup- 
pression of tuberculosis are those which naturally devolved on 
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the State. It does not follow, however, that State interference 
will exonerate the stockowner from his personal duty in taking 
the precautions laid down for him above. It is the duty of the 
State to see that all such precautions are enforced, together with 
others that transcend the power of the individual stockowner, and 
must be undertaken by the governing power for the public good. 
Among these may be named the following : 

1st. The providing of municipal slaughter houses in which 
alone farm animals designed for human food can be slaughtered. 

2d. Exclusion from the home market of all dressed, salted 
and canned meats, that have not passed a crucial examination at 
the time of slaughter by an accomplished government veterinary 
inspector. 

3d. Government stamping and labelling of all canned meats 
that have passed the municipal inspection and can be guaranteed 
as from nontubercular animals. 

4th. Forbid the use for pigs, fowls or other animals of all 
milk furnished by tuberculous animals, and of all offal or other 
products of slaughter-houses until they shall have been boiled for 
one hour. 

5th. Provide for the systematic inspection by skilled and relia- 
ble veterinary practitioners, of all dairy herds and primarily of 
such as furnish milk for immediate use as sweet milk. 

6th. If tuberculous cattle or other animals are found in a herd, 
have the remainder tested with tuberculin, and have all affected 
cattle appraised, killed, and, without delay or further expense, 
paid for by the State. 

7th. Appraisers may be chosen one for the State and one for 
the owner, or better, to secure a more even handed justice, all 
alike should be valued by two State appraisers chosen for their 
knowledge of animals and their values, and for their integrity. 

8th. Indemnities should be paid without delay on presentation 
of the affidavits of the stockowner, the inspector and the State 
appraisers. 

gth. ‘The precautions prescribed for private owners under the 
headings 9 to 15, and 18 should be carried out under the super- 
vision of State officers. 

roth. Disinfection of all contaminated premises and objects 
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should be done at State expense and by a special disinfecting 
corps under a trained, careful and thorough foreman. 

11th. Attendants on cattle or other meat producing animals, 
who show any chronic disease of the air passages, lungs or bowels, 
should be examined for tuberculosis, by the municipal or town 
health officer, and their expectoration should be tested bacterio- 
logically. If found to be tuberculous they must be forbidden to 
continue this occupation. 

12th. Though herds have been tested and guaranteed sound, 
such guarantee must lapse as soon as new animals are introduced 
into them from public markets or untested herds. The guaran- 
tee may be preserved by having all such additions tested by tuber- 
culin before they are added to the herd. 

13th. In making tests with tuberculin the inspector will, as a 
rule, omit cases that are suffering acutely from other diseases or 
from advanced general tuberculosis, or that are approaching 
orstrum or parturition, such cases must be secluded and tested 
later when there is no such source of fallacy. 

14th. All deaths in inspected and attested herds should be 
promptly reported to the government veterinary inspector of the 
district, who should make a careful post mortem examination and 
if he finds tuberculosis in even a latent form, the whole herd 
should be again tested with tuberculin. 


DEFECTS OF THE EXISTING NEw YorK LAw. 


New York is to be highly commended for taking an advanced 
position in the suppression of tuberculosis by process of law. It 
is to be regretted, however, that excellent intentions have been 
somewhat marred from a lack of acquaintance with the diseases 
of the lower animals, by those who have drawn and those who 
directed the administration of the law. It may not be altogether 
useless to name some of the more obvious defects in the law as 
hitherto in force. 


A. ‘THE PROVISION FOR Two SEPARATE VETERINARY SANI- 
TARY BOARDS. 


By existing law tuberculosis and glanders are dealt with by,the 
State Board of Health, while all other diseases affecting the same 
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genera of animals are placed under the supervision of the Com- 
missioner of Agriculture. The inspector under both central 
authorities ought to be a veterinary comparative pathologist ac- 
quainted with the whole range of animal diseases in order to deal 
with one—say tuberculosis—to the exclusion of other affections, 
and yet when he meets with another contagious disease he is help- 
less to do anything in the matter, and so are his superiors; appli- 
cation must be made to another department, which must send its 
own inspectors, though an entirely capable government employe 
is already on the ground, and an entirely new set of machinery 
must be set in motion to accomplish what could have been done 
far more promptly, effectively and cheaply by the inspector and 
bureau which were already in the field. Two bureaus with their 
officers and records are delegated to do work which naturally 
belongs in one, and delay, ineficiency and unnecessary outlay can 
be the only results of such an extraordinary distribution of 
functions. 


B. DELAY IN KILLING THE DISEASED. 


When an animal is condemned as tuberculous, it is not in the 
power of the inspector to at once suppress the danger, by seeing 
to the destruction of the beast ; he must report to his superior in 
Albany and recive his order before he can go a step farther. The 
enforced delay hinders him from attending to other cases promptly 
and greatly enhances the cost of the work. By employing trust- 
worthy inspectors only, allowing them to dispose of the sick and 
dangerous at once, and having their reports checked by the affi- 
davits of the owners and appraisers, the work can be rendered far 
more effective and economical. 


C. No PROVISION FOR APPROVED APPRAISERS. 


The law says the condemned animals shall be appraised, but fails 
to say how, and in the past the owner of the stock had to chose his 
own appraisers and the claims based on such appraisements 
naturally came up for liquidation under a cloud of discredit as hav- 
ing*been made by men acting in the interest of the stockowner. 
No wonder that in some cases the loser of a tuberculous animal 
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found that the cost of establishing his claim amounted to more 
than the claim was worth. Two appraisers mutually chosen for 
State and stockowner, or still better, two honorable State appraisers 
who shall make affidavit to each estimate of value will do evener 
and more substantial justice to the owner of the stock, and the 
appraisement will come up for liquidation without the suspicion 
that attaches to such documents under the present system. If 
these are judiciously selected for skill and integrity, their awards, 
backed by the affidavits of the owner and inspector, will come to 
the disbursing officer with the best possible guarantee of their 
justice. 


D. REFERENCE TO THE COURT OF CLAIMS. 


By the present law every award for animals killed must be con- 
sidered and allowed by the Court of Claims. The object is to 
secure justice, but it is manifest that the precaution begins too 
late. The Act leaves the owner to select his own appraisers, and 
unscrupulous persons may conspire to secure an excessive award 
in spite of the best efforts of the Court, who have never seen the 
animals valued, and can only act on the evidence furnished. The 
way is open therefore, for the unprincipled to prey on the State, 
while the man of principle correspondingly suffers. The remedy 
is to have appraisers, state officers and trustworthy men, in which 
case their decision will be at once more intelligent, fair, and 
equitable, than any revision that can possibly be made by a court 
sitting at a distance, however able and honorable its judges may be. 


EK. DELAY IN PAYING INDEMNITIES. 


As a necessary consequence of the reference to the Court of 
Claims, much time is lost in preparing the case and in waiting the 
turn of the particular entry on the list. Asa rule hearings have 
_ been had from nine to twelve months after the slaughter of the 
animals. ‘This is no real advantage to the State which is saddled 
with the attendant Court expenses. It is often a serious matter to 
the stockowner, who is thus kept out of his source of livlihood, or 
has to borrow and pay interest on the money-value of the animals 
killed. Knowing the consequences of such delay, and that in 
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addition to this they must expend considerable money in preparing 
and presenting their claims before the Court, and in furnishing 
witnesses, many prefer to make no report of the disease to the 
authorities but to deal with it themselves. If men of high 
principle they personally bear all the losses, but if not, they too 
often send the diseased animals to market and thus provide for 
the starting of new centres of infection, or they slaughter them 
and sell the carcasses as human food. ‘Thus the system of indem- 
nification, surrounded, as it is by delays and uncertainties, becomes 
a means of spreading instead of restricting or extirpating the 
affection. 

With the obvious safeguards of theaffidavits of worthy men act- 
ing as inspectors and appraisers, for the State, and with the 
endorsement of their superior officer, payments could be made 
promptly, and the dread of serious loss would no longer deter 
stockowners from cooperating heartily with the State in the puri- 
fying of their herds. Relieve the owner of the present vexations 
delays, of the legal and court expenses and the State will be fur- 
nished with a powerful lever for the work of suppressing the 
contagion. 


F. No PROVISION FOR EFFICIENT DISINFECTION. 


The existing law provides no definite means for the disinfection 
of contaminated premises, and, therefore, this most essential duty 
is thrown upon the owner to accomplish at his own expense and 
too often in hisown way. Yet the extreme measure of killing 
the infecting or diseased animal entails the imperative duty of 
thoroughly disinfecting the place where such animal has been. 
Without this the expropriation and killing is a comparatively 
futile procedure. In the hands of an inexperienced farmer the 
attempt at disinfection is far more likely to be insufficient than 
complete, and if imperfect all or much of the trouble and expense 
has been thrown away. In all veterinary sanitary work. looking 
toward the extinction of a contagion, the work must be of a very 
radical nature, and if it fails in this it may be looked on as practi- 
cally a failure. Restriction of the disease there may be without 
this, but extinction, never. With mere restriction outlay for pre- 
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vention must go on forever; with extinction it will be brought to 
a final end. 

To be effective, disinfection should be made the work of trained 
state officials. ‘There is no more reason why this should be 
charged on the stock owner than that he should bear alone the 
money loss of his animals. Both are means of the extinction of 
the contagion with the one object of the public good. 


G. No PRovIsION FOR SYSTEMATIC WORK. 


The existing law fails to provide means for dealing with tuber- 
culosis in all parts of the state, or to enjoin that the limited 
means provided shall be applied in a systematic manner upon 
any given area. Attention is therefore given to the herds whose 
owners make special application for inspection and those that are 
reported by others, and thus the inspectors are to-day in West- 
chester county, to-morrow in Erie, and the next in Tioga or 
Oswego. Single reported herds are dealt with and the great bulk 
of stock in the same district are passed over unnoticed. Is it to 
be wondered that complaints of partiality are heard? With the 
utterly inadequate appropriation this condition of things is per- 
haps inevitable, but it is certainly not the way to suppress the 
disease. A system that wipes out the disease on one farm, and at 
once leaves it to be reinfected, from a diseased herd on the next 
place perhaps, is anything but commendable.. If the means can 
be afforded to deal with the disease over the entire state, let this 
be done; but if not then let the appropriation be applied to a 
given geographical district and let this be purified as a whole and 
held so, while the good work is extended to other regions.. 


INSUFFICIENT INDEMNITY A FALSE ECONOMY. 


In conclusion, it is right to emphasize the importance of a due 
consideration of property rights. Sanitary laws which in any 
way ignore or disregard the rights of property have within them- 
selves the seeds of defeat. If within our municipal abattoir the 
butcher cannot conduct his business as well and economically as 
in his own establishment, he or his competitors will evade the 
law in some way. If the stock owner is not fairly reimbursed for 
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his animals slaughtered and for other losses sustained for the pro- 
tection of the public health and of the country’s herds, unscrupu- 
lous men will find ample means of trading off the as yet incipient 
and occult cases of tuberculosis,and thereby planting the infection 
widely in new herds. Compensation must stop short of making 
the sanitary bureau a profitable customer for tuberculous animals 
at sound prices, but it must be so liberal as to enlist the ready 
cooperation of the stock owner in having every infected beast 
safely disposed of. Cases of advanced generalized tuberculosis 
may in all justice be listed at a low rate, as they are in every 
sense unfit to live, and are an expense, a danger and a nuisance 
even when dead. Cases too that have just been imported from 
another state or country and which are either manifestly diseased 
or taken from a tuberculous herd may fairly be excluded from 
indemnity and above all from a liberal indemnity. But in nearly 
every herd the majority of the stock condemned are to all out- 
ward appearances sound animals, and the owner has had no sus- 
picion concerning them until this has been betrayed by the tuber- 
culin test. But for that he would have gone on utilizing the 
animals in perfect good faith, and his customers would have 
received the dairy products in all confidence as to their whole- 
someness. Had he wished to sell these animals for the dairy or 
for beef, he would have found plenty of purchasers at sound 
market rates. If the stock were thoroughbred and their progeny 
of a high prospective value he could have continued to breed from 
them for years since calves are rarely born tuberculous—not once 
in many thousand births even from tuberculous parents—and thus 
he might have largely profited by raising them on the milk of 
healthy cows. Then again in country districts the owner must 
bear the cost of disposing of the carcass by burning or burial in 
some place to which other animals do not have access. Further, 
the essential work of disinfecting the premises is at present put 
on the shoulders of the stockowner. Once more, if the stock- 
owner is a dairyman, his trade is injured by the condemnation 
of animals in his herd. Customers will suddenly change to other 
dairies, creameries will be closed against his milk, and health 
officers are likely to quarantine the product, at least between the 
condemnation and slaughter. Apart from this his home supply ” 
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of milk is lessened and to keep his customers he must go into the 
market and buy milk from others. 

It is quite evident that in many cases of dairy herds and of 
valuable thoroughbred animals, an indemnity amounting to even 
the sound market value of the animals killed comes far short of 
reimbursing the owner for his actual losses. 

These considerations should be taken fully into account, before — 
adopting any proposal to fix amaximum sum or rigid rule for 
estimating values. ‘The wording of the present law ‘‘ the actual 
value’’ is perhaps as good as any, only provision should be made 
to have able and incorruptible appraisers, and a restricting clause 
might be introduced to prohibit or minimize awards for animals 
recently introduced into the State. 

Disinfection should as a rule be done by State employes, thus 
relieving the stockowner of the expense and securing effective 
results. The disposal of carcasses may also in many cases be 
justly charged on the State. This cannot be an entering wedge 
for corruption, as excessive indemnity would be, and yet it would 
relieve the stockowners of an outlay that should be met by the 
public at large. 

The disposal of infected manure and other products must be 
under the direction of the inspector, but must evidently be under- 
taken by the stockowner himself. 

Points like the above cannot be too strongly insisted on, asthey 
determine success or failure. In the extinction of cattle lung-- 
plague in the United States the strict attention to such accessories 
proved the main factors in the speedy success. In Cook Co., 
Ill., I took charge of the work on behalf of the United States 
Government in April, 1887, and in July we had done away with 
the last acute case of the disease. But the whole city was sys- 
tematically purged, stable by stable, no communication between 
sick and healthy was possible, condemned cattle were quickly 
disposed of, and in two weeks each owner received from Wash- 
ington a check for the amount of hisindemnity ; thorough disin- 
fection was affected by a government corps so that no stable 
ever needed to be disinfected a second time, and effective meas- 
ures were taken to prevent the introduction of new cattle from 
infected localities. No state was ever so speedily cleared of this 
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disease and the result must be altogether attributed to the care- 
fulness of the methods, and their thorough application, and not 
least to fair indemnities and the promptitude of their payment. 
Great Britain has been struggling with the same disease for fifty 
years, and though she slaughters the sick, yet for lack of other 
efficient measures she cannot yet show a clean bill of health. 


Cornell University—Agricultural Experiment Station. 


AGRICULTURAL DIVISION. 


YORK 


a BR 


“us ICA] 
GARDEN 


BULLETIN 66— May, 1894. 


TEST OF CREAM SEPARATORS. 


By Henry H. Wine. 


ORGANIZATION. 


Board of Control.—Trustees of the University. 


STATION COUNCIL. 
President, JACOB GOULD SCHURMAN. 


How A. Ds ye The cc ss kee io yee Trustee of the University. 
Hon. JOHN B. DUTCHER... President State Agricultural Society . 
BO EROS BUSS oa ca Professor of Agriculture. 
GO) CADW BE ote. cs eee ee Professor of Chemistry . 
JAMES DAW a. 2k o. ceed ons oer Professor of Veterinary Science. 
A; IN, IPIREINGDSSO. occa desk daw di ees) eee Professor of Botany. 
J es SOND INS BNI oo) bee aos es Dee Professor of Entomology. 
i, BALI 6 o.oo l ee .2 Professor of Horticulture . 
A VW AMMAR ic  3'8) he Assistant Professor of Dairy Husbandry 
G. F. ATKINSON ... Assistant Professor of Cryptogamic Botany . 
OFFICERS OF THE STATION. 
Le. ROBERTS ......26.00002 inns a see Director. 
HRY A. WING . ok skins Depend Director and Secretary . 
Hat, WILLTAMS...............2.00en ee Treasurer . 
ASSISTANTS 
MeV SLINGHERLAND ....... -s.ude ate ee ae Entomology . 
HONG. WATSON ... 0 oc.3.0:0-<» alae epetene eae eee Agriculture. 
GOW: MAY ANAUGH .. 45.240. pny tupeeteae ee Chemistry 
eG, LODEMAN’........... ies «scene nee Horticulture. 


Offices of the Director and Deputy Director, 20 Morrill Hall. 


Those desiring this Bulletin sent to friends will please send us the 
names of the parties. 


BuLLetins oF 1894. 


62. The Japanese Plums in North America. 

63. Co-operative Test of Sugar Beets. 

64, On Certain Grass-Kating Insects. 

65. Tuberculosis in Relation to Animal Industry and Public Health. 
66. Test of Cream Separators. 


TEST OF CREAM SEPARATORS. 


During the session of our Short Dairy Course for 1894, there 
were in operation seven different styles and sizes of centrifugal 
cream separators; this gave usa favorable opportunity for making 
a careful study of the efficiency of the different sizes and styles. 
These separators, a list of which is given below, formed a part of 
the equipment of the Dairy Building, the use of several of them 
as indicated below, being donated to the University by the several 
makers. 

The various sizes and styles were as follows: 

1. Sharples’ Standard Russian ; donated by the manufacturer, 
P. M. Sharples, Westchester, Penna. 

2. The Victoria; manufactured by Watson, Laidlaw & Co., 
of Glasgow, Scotland, the Dairymen’s Supply Co., Philadelphia, 
Penna., agents for the United States. 

3. De Laval Alpha No. 1; donated by the manufacturers, the 
De Laval Separator Co., 74 Cortlandt St., New York City. 

4. De Laval Baby No. 3; manufactured by the De Laval Sepa- 
rator Co., 74 Cortlandt St., New York City. 

5. Columbia No. 7; donated by the manufacturers, the Co- 
lumbia Separator Co., Avon, N. Y. 

6. The Butter Accumulator ; donated by the manufacturers, 
The Swedish Cream and Butter Separator Co., Bainbridge, N. Y. 

7. TheUnited States Extractor Separator No. 3; manufactured 
by the Vermont Farm Machine Co., Bellows Falls, Vt. 

The separators, as shown in the accompanying cut, were mount- 
_ ed on solid stone piers and each was driven by a separate counter 
shaft which in turn received its power from the main shaft running 
through the building. The power was furnished by a 25 horse 
power Westinghouse engine which furnished ample power to run 
all the separators at once and maintain the main shaft at a very — 
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uniform speed. The conditions of power and speed were as favor- 
able for all of the machines asit was possible to make them. The 
single turbine machine, the Sharples’ Standard Russian, received 
the steam at a boiler pressure of from 60-80 pounds per square 
inch which was reduced to 40 pounds before entering the turbine. 

The machines were run by the students in the Dairy Course, 
under the direct supervision of Mr. Dewitt Goodrich, the instructor 
in butter making, each student working in turn upon each ma- 
chine. None of the tests here reported were made until after the 
school had been in session for four weeks, and the students had 
attained considerable skill in handling the separators. ‘Theschool 
closed on March 21st and the tests that were made after that date 
were all made by one person, Mr. W. D. Saunders, a man thor- 
oughly familiar with the handling of separators. Several runs 
were made by him from each separator, with the exception of the 
De Laval Alpha No. 1 which was returned immediately after the 
close of the school. It will be seen that the runs made by Mr. 
Saunders agreed in their results very closely with those made 
during the session of the school. 

The measure of the efficiency of a cream separator is the 
amount of fat left in the skim milk, but all of the separators left 
only small amounts and in order to make the tests as accurate as 
possible the determination of fat in the skim milk was made by 
the absolute gravimetric method by the Assistant Chemist of the 
station, Mr. G. W. Cavanaugh. Where skim milk contains only 
.I or .2 per cent. of fat, itis so difficult to read the amount upon 
the neck of the test bottle that we have entirely abandoned the 
use of the Babcock Test in work of this sort where it is necessary 
to distinguish slight differences. The Babcock Test is no less 
useful in checking the work of separators, for the creamery man 
should run his separator so that only a scarcely perceptible amount 
of fat appears in the neck of the test bottle. It is a common 
thing in testing skim milk with a Babcock tester, to find so small 
an amount of fat that it will not reach clear across the neck of 
the test bottle but will adhere to one side in the form of a small 
drop. It is not uncommon to find such tests reported as ‘‘.o5 per 
cent... ~.o1 per cent:,’’ “mere. trace, globule size of a pin 
head, etc.’’ We have found in a large number of such tests that 
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the gravimetric analysis will show between .1 and .15 of 1 per cent. 
of fat in the skim milk. 

The samples of skim milk were taken in all cases from the 
mixed skim milk of the entire run, and not caught directly from 
the skim milk outlet of the machine at any period of the run. 

The runs were short particularly for the larger capacity ma- 
chines and in making short runs the error in computing the ca- 
pacity per hour is largely increased for the reason that unavoidably 
part of the milk at the last end runs through slower, so that in 
interpreting the tables a certain allowance should be made in the 
capacity per hour, particularly for the Alpha No. 1 and the 
Sharples’ machines. 

The milk used was, in all of the tests between January 30th 
and March 23d inclusive, thé’ milk furnished to the Dairy School 
by farmers. This milk was not always in the best condition for 
handling. The milk of the evening and following morning was 
shipped together about twenty miles by rail, and reached the 
Dairy Building in the afternoon and was not worked up until the 
following day, so that all of it was twenty-four hours d6ld and some 
thirty-six hours old before being worked. Moreover, on many 
occasions it was received at the Dairy Building in a frozen condi- 
tion. In all of the tests made after March 24th the milk of the 
University herd was used and it was separated immediately after 
milking, so that we had in these tests milk in its most favorable 
and unfavorable conditions. 

Mr. Goodrich, Mr. Saunders and Mr. Cavanaugh did a large 
part of the work here reported and much of the credit of it is due 
to them. 

In the tables following are given the data concerning the vari- 
ous runs of the different machines. ‘The tables are given in the 
order of the list of the machines given at the beginning of the 
Bulletin and any peculiarity of the running of the machines is 
mentioned in connection with them. 
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TABLE I.—SHARPLES’ STANDARD RUSSIAN. 


| 
Percent.| Speed of | Per cent. 
Pounds of Length of Pounds sep-| of fat in |bowl, revolu-| of fat in 
Date. milk |run, min.| arated per skimmed] tions per whole 
used. hour. milk. minute. milk. 
Fan. SOs oes 689 33 1253 37 7000 4.3 
BED A83 seniors 327 17 1154 | 30 7500 E77 
URI Ot rests. stats 524 30 1048 | 24 7200 4.2 
SET Ot eee 540 26 1246 19 7200 4.1 
SOM TOW: .cseeace 340 17 1200 21 7200 3.8 
BED So ot ann 827 46 1080 -26 7400 3-9 
SOS Ure ee 63 34 III3 ot 7200 3.5 
SCURIO. obo oe-Gon. 402 24 1005 oa 7400 ae 
0 eA ep 880 4o 1320 A9 7000 3-9 
SUNS ON (een 384 22 1047 Parc) 7200 3.5 
SUSY een nee 375 20 1125 Sey) 7200 3.9 
JO SORES 531 30 1062 20 7000 44 
1 Cel oe ee 726 33 1320 20 7000 3.6 
CB Pee caees dic 825 40 1238 21 7200 3.6 
AIS” sa 309 28 662: 34 7300 3.8 
Apr. 6,A.M...| 110 9 733 ol 7000 3.5 
pio MGs Pee Mc 186 9 1240 | 438 7000 4.4 
SSPE TO St shell 0 tL68 8 1260 30 7000 4. 
Co net a ae 169 9 1127 oe 7000 4. 
mera el 168 10 I0o8 7b) 7000 4.1 
Average ..... | III2 29 


This machine is extremely simple and easily run. Taking 
care that the boiler pressure was always 20 to 40 pounds above 
the required pressure upon the turbine we found that the speed of 
the bowl was very uniform. No difficulty was had in getting 
cream of any desired thickness and the cream came from the ma- 
chine smoothly and uniformly and several degrees cooler than the 
milk entered. 

These results show a rather large percentage of fat in the skim 
milk and at the request of the manufacturers we visited the factory 
of Fisher & Garrett, Baldwinsville, N. Y., and took samples of 
skim milk from an Imperial Russian Separator running under 
factory conditions. Five samples were taken in all from five con- 
secutive runs, two runs were made each day and the machine was 
taken down and cleaned between them. ‘The samples were taken 
by catching a half pint from the skim milk outlet, at intervals of 
fifteen minutes during the run. These samples were thoroughly 
mixed and a sample taken for analysis. In this way a representa- 
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tive sample of the whole run was obtained. The results are given 
below : 
TABLE IA. SHARPLES IMPERIAL RUSSIAN. 


Length of Pounds /|Per cent. es Speed of 
Pounds of , a | fati ee 3 
Date. anilkused. | “amuteae| per hour, || acd chile. |atora een 
minute. 
SPUSIET GO; OISE sheccn020. 4779 P50": "SIOIo -20 7300 
fee Gietllsiatance ans 2649 82 1935 225 7500 
une IO, Ist ..... 145 16 7500 
June to, 2d...... \ 7324 76 is 20 7500 
JOR FI, ISt.c.0 3.0 2642 go 1760 -18 7500 
Average...... 1900 -20 
TABLE II—VICTORIA. 75 GALLON. 
Speed of | Calculat- 
Pounds | Per cent. | interme- | ed speed |Percent. 
Length | separat-| of fat in diate. Re-| of bowl. |jof fat in 
Date. Pounds | of run. | ed per |skimmed volutions | Revolu- | whole 
of milk. Minutes.| hour. milk. | per min-|tions per} milk. 
ute. minute. 
Peli s2ohce ian. 240 20 720 23 1016 6175 3.4 
oe PUR onsen: 225 26 519 30 1000 6100 3.8 
SOM OL veces: Bos 25 775 19 1000 6100 3.8 
oe OG. 6.4. 444.75| 38 702 oil 1060 6450 4. 
Se 20s acca 413 36 688 19 1000 6100 Gi 
Mets. 3:5 4.-35-. 555 40 832 25 1000 6100 4. 
See sOmPaMs nl O2 13 840 14 IIo0o 6700 4.1 
Apr. 1,A.M..| 471.5 | 38 744 23 940 5725 3-4 
ete Seen. 205 16.5 756 18 1060 6450 4.2 
oC Sier 4, A> .M:.| 140 10 840 015 1040 6325 a5 
S54; P; M..|, 195 17 688 16 1030 6275 4.4 
See ASM iA. Io | 744 16 1040 6325 3.4 
Average,........ 737 19 


This machine ran with an intermediate with a leather belt and 
some little difficulty was found in keeping the belt tight and the 
speed uniform, and occasionally the cream was slightly lumpy, 
otherwise than this no peculiarities were noticed. 
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TABLE III—DE Laval, ALPHA NO. I. 


Percent.| Speed of | Per cent. 
Pounds of/Length of/Pounds sep-| of fat in |bowl. Revo-| of fat in 
Date. milk Tun. arated per | skimmed} lutions per | whole 
used. Minutes. hour. milk. minute. milk. 
| 
OB Eb oles eto lamer 898 30 1796 14 6000 4.4 
DMHED:© (2:02: seks Wes? 17 1316 12 6000 3) 
i cy oer 372 18 1240 09 6000 4.2 
Se BO: sSscvesess 458 25 1099 07 6000 3-9 
SIE OE. saben 235 14 ROOT. (-'h: easel 6000 4. 
ROBERT: 2. ciev ace ces 1022 35 1752 -09 6000 4. 
ol) Aes Renee 358 17 1263) 4 | reOe 6000 3.8 
NHI OLS Scectods 586 28 1255 16 5800 355 
Gee 9 1G ae, are 480 15 1920 12 6200 307, 
SROTOSY £ o>-* 14) 849 30 1698 | 5900 3.8 
SEM RDO act fo 63911) 4.25 1526 08 6L09 4. 
Sa 17 REDE a 714 25 1714 09 6000 3.8 
pebpe Ae oelpes ce] eas 24 1338 10 6000 3.8 
MEI PES ieee cn bt | 64g 23 1677 09 6200 3.5 
Average..........| 147 -10 


It will be noticed that on scarcely any occasion was this machine 
run to its full capacity. This was not due to inability to get the 
inilk through the machine but largely to the shortness of the runs. 
It will be noticed in referring to the table that on the occasions 
where 1800-1900 pounds of milk were run through, there was no 
more fat in the skim milk than when a less amount wasrun. In 
the four highest runs the average amount of milk separated per 
hour was 1800 pounds with .11 of 1 per cent. of fat in the skim 
milk. In the four smallest runs the amount of milk separated 
per hour was 1150 pounds, with also .11 of 1 per cent. of fat in 
the skim milk. This machine ran with an intermediate and rope 
belt and no difficulty was found in maintaining the speed uniformly, 
as was the case with the other machines operated in the same 
way, the Columbia and the Accumulator. The character of the 
cream as to density and consistency was also all that could be 
desired. 


Installation of Separators, 
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TABLE IV.—DE LAVAL Baby No. 3. 
Per cent. Per cent. 
Pounds of |Length of Pounds | of fat in | Revolutions) of fat in 
milk used. jrun, min./separated |skimmed) of bowl per| whole 
per hour.| milk. minute. milk. 
| 
257-5 33 468 16 5759 3-7 
419 60 419 022 ey) 
257 26 593 135 5750 3.6 
315 31 610 14 +| 6150 4. 
138 15 552 oO na 5500 3.8 
18r 19 571 22 5300 4.2 
113.5 Dies 592 24 5300 3.6 
188 20 564 21 5000 4. 
II7 12 585 21 5000 cue 
200 20.5 585 16 5000 4.2 
152 16 570 25 5080 305 
186.5 19 589 Syta 5300 4.2 
201 20.5 588 12 5333 4. 
117 12 5334 3:5 
192.5 19 608 oll 5334 4.2 
122 I2 610 oe lb oak 3.8 
127 I2 635 12 5500 3.4 
571 is? 


This machine, so far as condition of cream and other details of 
operation were concerned, was perfectly satisfactory. . 


TABLE V—COLUMBIA NO. I. 


| | Calcu- 
Per cent. Speed of; lated 
D | Pounds | of fatin) inter- | speed of Percent. 
ate. Pounds! Length | separ- | skim- | mediate} bowl of fat in|Per cent. 
of milk) ofrun, |ated per) med /Rey per| Rev. pet) whole | of fat in 
used. min. honr. milk. | minute.| minute.| milk. | cream. 
Mch. 6. . 50 10 300 138 | 1060 | 7700 3.6 10. 
COS Sy eee ae 256 48 320 14 1080 | 7850 3.5 12. 
Tee; Ae Malis O2 15 328 11 1I00 | 7975 3.8 1337 
‘© 8, P.M.; 257 45 343 34 333 16. 
Dea ieee 120 25 288 «19 | 1032-")| 7400 25 17.8 
MET OS. ts 83 15 332 21 106) | 7700 3.6 18.6 
SOUIETRN wecasee 80 15 320 08 992 | 7200 342 9.6 
SOTA ASM POL 15 324 LOEW (LO7G. N77 75 18.6 
cs PM Il 
© 15,4.M.| 88 17 311 -10 1070 | 7775 3.8 15.6 
oo EG, Poe 09 
EO T6: 80 16 300 09 1002 | 7275 3.8 15.4 
[REG 5 PIM 7.7 30 «6+ «(354 12 1035 | 7500 | 
‘6°27, A.M.| 119 air 292 12 1050 | 7625 | 3.8 11.6 
‘© 29,P.M.| 183 34 Bon 12 1060 | 7700 4.2 2; 
20, A.M.) £28 25 307 Pp ka | IOI5. | 7375 3.8 | 13-4 
Apr. 2, A.M.| 359 64.5 | 334 10 | 1030 | 7725 3.8 8.6 
Average...... 258; | -alB. | | 
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The peculiarity of this machine is that the bowl is made of 
aluminum and is much lighter than other bowls of the same ca- 
pacity. It delivered the cream in very good condition and ata 
temperature lower by several degrees than the milk entered, but 
it was not found possible to get cream of a greater fat content 
than 18 per cent. without materially increasing the percentage of 
fat in the skim milk. We are informed by the manufacturers 
that this difficulty has been obviated in the machines now made 
but we have not yet had an opportunity to make a test. 


TABLE VI—BUTTER ACCUMULATOR AS SEPARATOR. 


| 
| | Speed of | 
| Pounds | Length | Pounds | Per cent. bowl | Percent. | Percent. 
Date. of mik | ofrun, | separat-| of fatin | Revolu- | of fat in |of fat in 
| used. |minutes., edper |skimmed | tions per; whole | cream. 
| hour. | milk. minute. mibk. 
a a 
| | 
Mars 16)...5.-5. | | | 10 . 
Ape 7A. Me.) 13725 | 026) 8a ay -09 7200 tE2 
eer ME S77 [og | 1 gga ee 7200 4.4 22.2 
cs 3A. M..| II4 15 456) earn 7200 2 12: 
DEE OPA Ma.| TO 35 | 531 ll 7200 3.8 11.6 
2p gP. M..| 176.5 | 25 Wier YEE Met one] I 7200 4.2 
SaeeeTOVACEMes|. 112 16.5). ]5 AGT) | eer aa 7200 3.6 
eatiaeAs MI,{! 133.5. ar" 136K 20 7200 3.6 
SE QOLe 232 soc Tava | oan) ee 7200 B22 
Average..... | 416 13 


*Run as a butter machine, 


This machine worked perfectly satisfactorily as a separatorinall 
respects, except that a very heavy cream could not be obtained 
without materially cutting down the capacity. In the tables of this 
machine and the Columbia we have added a column‘showing the 
per cent. of fat in the cream of the different runs. In the case of 
the other machines this was not thought necessary, because the 
fat in the cream ran uniformly between 25 per cent. and 30 per 
cent. 

We have also used the Accumulator as a butter machine. On 
March 16th the representative of the company made two success- 
ful runs, turning out butter of good grain and texture with a 
capacity of 300 pounds of milk per hour and with a clean separa- 
tion. We have not been able to obtain uniformly so good results 
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in texture of butter, mainly we think, because of the extremely 
delicate adjustment of the inflow that is necessary. We make 
this mention provisionally as we are still working with the machine 
and hope to be able to make a fuller report later on. 


TABLE VII—UNITED STATES EXTRACTOR SEPARATOR NO. 3. 


Percent.| Speed of | Percent. 
Pounds of/Length of Pounds sep- of fatin |bowl. Rev-| of fatin 
Date. milk | ‘run. | arated per skimmed |olutions per) whole 
used. | Minutes. hour. milk, minute. milk, 
12Xe| Ohoa its Mere rE Ee 417.5 35 715 14 9240 3.6 
een ORT Se cin 240 22 655 15 8250 ey) 
So DiC hseeare aout eels: 22 | 840 15 8200 3.6 
Gertaisesine |) B85 34 679 13 8000 3.6 
SOU TAL ow au cin c's 352 30 704 13 8000 3.7 
Ramee Ear coccrcas 336 31 650 -09 8200 3.8 
Miche )s.3.825.:: i838 20 564 10 8600 4.5 
Apr. 13 P. M:..|. 174 17.5 590 sili 8600 4.2 
Std PMs. 176 18.5 570 12 8400 4.2 
COPE AM | 122 12 610 10 8400 337 
Average ..... 658 12 


The operation of this machine was thoroughly satisfactory in 
all respects so far as mechanical operation and condition of cream 
were concerned. Both this machine and the Baby No. 3 were 
belted directly to the driving shaft and of course there was no 
difficulty in maintaining a proper speed. 

In giving these few peculiarities of the different machines 
nothing has been said regarding the percentage of fat left in the 
skim milk as that was plainly shown by the table itself. But to 
bring the whole matter together the summaries of the several 
tables have been brought together in Table VIII. 


TABLE VIII. 
® Ratenica 'Pounds sep-| Per cent. of 
Kind of machine. No. of runs.|ity per hour.| | paeerce Pee fat ir Beas } 

I. Sharples’ Standard Rus- ; 

Sidi ee senses c-eseethc sss 20 1200 TII2 29 
Ia. miele mpeaht Rus- 

sian.. = 5 2000 190U .20 
2. Victoria, 75 ‘gal... 12 625 war, 19 
awe Laval, Alpha No. 1. 14 2000 TA7h) | .10 
4. De Laval, Raby No. 3... 17 600 571 Ay) 
5S Columbia, INOM Te esesers ste 17 300 «CO 318 .13 
6. Butter Accumulator (as 

SEPAFAtON okerescecsreonseae 9 600 | 416 x3 
7. United States Extractor 

Separator No. 3, ve 

SEPALAtOL) jeecescs-esere- > 10 600 658 ane 
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An important factor in centrifugal separators is the amount of 
power required. This becomes an important item in the way of 
fuel consumption in factories doing a large business and using the 
larger power sizes. It is no less an important factor in muscle 
consumption in those machines that are intended to be run by 
hand. In order to get some data on this point, cooperation of the 
Mechanical Department of the University was asked and through 
the kindness of Prof. R. C. Carpenter, Messrs. L. S. Marks and 
S. H. Barraclough, graduate students of the Department of Me- 
chanical Engineering, were detailed to make the test of the power 
required by the various machines. ‘This work was done after the 
close of the term of the Dairy School and was carried on in a most 
careful manner by Messrs. Marks and Barraclough, both of whom 
have had large experience in similar work. Their Renita in full 
is inserted herein. 


REPORT ON THE POWER REQUIRED TO DRIVE THE CREAM SEPARATORS 
AT THE DAIRY BUILDING, CORNELL UNIVERSITY. 


We have, at your request, made a series of tests to ascer- 
tain the power required to drive each of the cream separa- 
tors at the Dairy Building. Of these there are six; one being 
‘driven by a self-contained steam turbine, and the remaining five 
by belting from a power shaft. The numbers refer to thenum- 
bers of the tables giving details of the various runs. 

(1.) The combined steam turbine and separator, The Standard 
Russian, manufactured by P. M. Sharples, of Westchester, Pa., 
was tested in the following way for steam consumption. All 
connections with the boiler, except that leading to the turbine, 
were carefully closed. The turbine was then run for one hour, 
working to its full capacity, and the weight of steam consumed 
was noted by observing the level of the waterin the gauge glass 
of the boiler, weighing the feed water during the hour, and fin- 
ishing with the same level in the boiler. As some leakage was 
noticed from the steam pipe, trials for leakage of two hours’ dura- 
tion were made, and the observed loss has been subtracted from 
the total steam consumption to obtain the amount actually pass- 
ing through the turbine. The steam pressure at the boiler was 
80 pounds by gauge; it was reduced to 4o pounds, by an au- 
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tomatic reducing valve just before entering the turbine. The 
weight of milk separated and the speed of rotation of the turbine 
were noted. 


The data are as follows: 


PMOL EOLALION . 5. cinconscscosan se sassascpaceavances vented 7,000 revs. per minute. 
Weight of milk passing through separator............ 1,287 lbs. per hour. 
Steam consumption of turbine.......... ...scece-- reece 160 lbs. per hour. 


It was not found possible to measure the power absorbed by 
the machine. 

The turbine separator cannot be directly compared with the 
others. A general idea of its performance may be obtained from 
its steam consumption which may roughly be taken as equiva- 
lent to that of a 4 horse power engine. After allowing for its 
greater capacity, it will be seen that it is less economical in steam 
consumption (assuming 40 lbs. of steam per hour equivalent to 
one developed horse power) than any of the other separators 
tested. 

In each of the remaining five separators, the power absorbed 
was measured by an Emerson Transmission Dynamometer, 
placed between the driving shaft and the countershaft. Each 
machine was driven from a separate countershaft, supported 
on two bearings. ‘Two of the machines obtained the neces- 
sary speed of rotation by means of toothed wheel gearing; 
the other three by belting through a second countershaft or 
intermediate. In each case the power measured was that re- 
quired to drive the separator together with its countershaft or 
countershafts. 


The performances of the different machines are given below: 

(7). The United States Extractor Separator No. 3, by the Ver- 
mont Farm Machine Co., Bellows Falls, Vt., is driven from one 
countershaft and obtains the necessary speed of rotation by means 
of toothed gearing. It was run only as a separator. The ob- 
served data are as follows: 


Weight of milk separated............. pia Lie SS eas 582 lbs. per hour. 
Power absorbed by separator running empty...... .40 Horse Power. 
Power absorbed by separator when separating...... .44 Horse Power. 


(4). The De Laval Baby No. 3, of the DeLaval Separator Co., 
No. 74 Cortlandt St., New York City, is geared in a manner sim- 
art othe preceding. The data obtained were : 
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Weight of miilic Separate... oscscséasscessuicorsavansy esp > oun 582 lbs. per hour. 
Power absorbed by separator running empty....... -107 Horse Power. 
Power absorbed by separator when separating...... .150 Horse Power. 


The remaining three separators have each two countershafts. 

(6). The Combined Separator and Accumulator by the Swedish 
Cream and Butter Separator Co., Bainbridge, N. Y., was run in 
both its capacities, but no difference in the power required was 
observed. ‘The power absorbed by each of the countershafts was 


separately measured. Data areas follows: 
RVelpne Of milk SCpATALed ce cis cp ewaeccsccose<spmesmacaeteas 240 lbs. per hour. 
Power absorbed by separator and countershafts, 


PUUMITS (CMUPEY onc anecce rus -as co »-2 ocr -edpeaeyee eae 1.08 Horse Power. 
Power absorbed by separator and countershafts 

WHEN Separatin’ 2/2 jc0.s0enevese ccs eonenapeeceeedaee 1.115 Horse Power. 
Power absorbed by the two countershafts ..... .....00 .287 Horse Power. 
Power absorbed by first countershaft...............seeeee -096 Horse Power. 
Power absorbed by second countershaft, or inter- 

AMIE GIALC oo. ah ncasccdcctsoorecncecses teseae soviseseremetton -Ig1 Horse Power. 
Power absorbed by separator alone when running 

TIMP UY --nssc1ccoeseeccencossonastsssrseseolrane see eeerenereen -793 Horse Power. 
Power absorbed by separator when separating... .... .828 Horse Power. 


(2). The Victoria Separator, manufactured by Watson, Laidlaw 
& Co., Glasgow, Scotland, The Dairymen’s Supply Co., Phila- 
delphia, Pa., agents, gave the following results : 


Weieht of milk separated .....:.<:.cs.ssvsasevahsruuesaeetess 702 lbs. per hour. 
Power absorbed by separator running empty......... 1.835 Horse Power. 
Power absorbed by separator when separating ....... 1.948 Horse Power. 


(5). The remaining separator was the Columbia No. 1, manu- 
factured by the Columbia Separator Co., Avon, N. Y., from 
which the following data were obtained : 

Weishiot milk separated .....:....cesvaxcaseacceonvdasmaneee 353 lbs. per hour. 
Power absorbed by the separator running empty....1.100 Horse Power. 
Power absorbed by the separator when separating...1.124 Horse Power. 

The above results show a somewhat surprising variation in the 
mechanical efficiencies of the separators tested. The power re- 
quired to drive two of the machines, No. 4 and No. 2, of not very 
different capacities, is seen to be .15 and 1.95 horse power re- 
spectively, a variation large enough to arouse a suspicion as to 
the accuracy of the results, were it not that the other tests show 
a gradation in power required, between these two values, 

The friction of the machine is seen to absorb in each case the 
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major portion of the power expended, while the actual work in 
separating the milk appears to be roughly proportional to the 
weight separated. The work done in separating is about .07 
horse power per thousand pounds per hour. 

A noteworthy conclusion to be drawn from the test is, that the 
geared form of separator is much more efficient than the belted 
form. This may be due in part toslipping of the belts at the high 
speed used. Much work is also absorbed in bending the belt as 
it passes around the small pulleys. 

It may also be noted that the two machines, No. 6 and No. 5, 
in which rope belts were used, were considerably more efficient 
than No. 2in which a Jeather belt was employed between the in- 
termediate and the machine. 

S. HENRY BARRACLOUGH, 
LIONEL S. MARKS. 


The following table has been compiled from the report of 
Messrs. Barraclough and Marks and shows not only the absolute 
horse power required for each machine but also the relative 
power based upon a capacity of 1000 pounds per hour. It will 
be noticed in regard to the butter accumulator that the capacity 
as given in the trial of Messrs. Barraclough and Marks is 240 
pounds. This was the capacity noted while the machine was 
running as an accumulator but as the power required was the 
same both as an accumulator and as a separator and as the ma- 
chine has been used mostly as a separator, we have calculated the 
hors2 power per hour upon a basis of a capacity of 416 pounds 
per hour as a separator : 


TABLE IX. 
Horse 
Pounds power for 
RDS Tet Sone peae es Horse yee 
separated] in power | power re-|_ separ- 
per hour.| test. quired. ated. 
Sharples’ Standard Russian................ sean 1287 4. S.03 
United States extractor separator No.) 

S)(cnttas Separator) .......) ..2-0c0-..c+-- 658 582 44 -76 
Me eawal HAD Y ING. 3.2.05... concn ssvesertves 571 582 a5 .26 
Butter accumulator (as separator and as 

CUTIE OL) cya sacesses (abesvevcesse panerres 416 240 1p 2.69 
WEGIECIG EL Spano et BREE ORREC DRE EET ESD CEA 737 702 1.95 2.78 
Gry EEA TAIN Gon lirsecoey es ence eVane--sacesessanes 318 353 12 5.17 
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In regard to the simplicity of construction and ease of cleaning 
and keeping in order of the various machines there is no very 
great distinction. Some of the.machines have points of superior- 
ity over the others in these respects, but none are so complex in 
working parts or so difficult of thorough cleansing as to raise any 
considerable objection to their use. 

In conclusion it should be borne in mind that these are tests of 
single machines of the various kinds, that they were run under 
conditions fully as favorable as are found in ordinary factory work 
so far as installation and skill of operation were concerned, but 
under less favorable conditions, if stopping and starting are 
sources of loss, than in ordinary factory management because only 
small amounts of milk were separated at one time. 

HENRY H. WING. 


Cornell University—Agricultural Experiment Station. 
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RECENT CHINESE VEGETABLES. 


In recent years there has been a distinct infusion of Chinese and 
Japanese plants into our vegetable gardening. For the most part 
these plants are little known, even to the seedsmen who offer 
some of them as novelties, and it seems to be important that some 
definite account should be made of them before they become gen- 
erally distributed and greatly modified, and while yet the history 
of their introduction is as little complicated as possible. It was 
some five years ago that the present writer took up their study, 
the results of which are presented in the following paper. It was 
at first thought that the botanical problems growing out of this 
study would be of easy solution and that little need be done in the 
final report but to narrate the behavior of the plants in the garden ; 
but it was soon found that some of the types are almost inextri- 
cably confused, and that there are garden plants which have been 
long cultivated in this country which are undoubtedly of oriental 
origin, but the history of which is wholly unknown and which, 
furthermore, are not described and probably not mentioned in any 
American writings. The experiments with these Chinese vegeta- 
bles, therefore, have enforced upon me again the importance of 
critical studies of garden plants—to which few American students 
have given their attention,—not only for the purpose of arriving 
directly at economic results, but quite as much for the elucidation 
of the broader problems of the variation of plants under new con- 
ditions of life and for the discovery of the means by which they 
may become widely distributed over the face of the earth and in 
the very centers of civilized countries without attracting a passing 
notice from naturalists. 

These Chinese vegetables which I have here described, might 
be thrown into two categories with respect to their introduction 
into North America. ‘The first group would include some of the 
better known species, like the so-called cabbages, which have -— 
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been in the country some years and have been regularly sold by 
reputable seedsmen both of Europe and America. The second 
group would include those which are brought in by the Chinese 
gardeners about some of the great cities, and which are almost 
unknown to the American planter or catalogue reader. I have 
taken some pains to secure these plants of the celestial gardeners, 
and my experiences have been often better suited to narrative than 
to instruction. The Chinese gardener, upon his scrupulously 
tilled bit of land, is suspicious of an intruder and he hesitates 
to part with his seeds for fear of disastrous competition ; but we 
have, first and last, I think, been able to secure and grow nearly 
every vegetable which is grown by the Chinese about New York and 
Boston. And there are few of them which are worth transferring 
to our gardens. . 

But with the Chinese names and descriptions, things have not 
gone so smoothly. The Chinese language abounds in dialects 
and the gardeners whom I have visited either could not or would 
not write the Chinese characters; or, if they had, matters would 
not have been simplified. I finally received great aid from Mr. 
Wah Hang, of Boston, upon whom I am glad to place the respon- 
sibility of most of the Chinese characters in the following pages. 
I have also had the advantage of valuable suggestions from Mr. 
L. Wing, of the Chinese Consulate in New York City. 


I. CABBAGES AND MUSTARDS. 
Pe-Tsat. (Brassica Pe-Tsaz.) 


The Pe-Tsai, or Chinese cabbage, is no longer a novelty in 
American gardens, although it does not appear to be well known | 
and its merits are not understood. Its cultivation and peculiarities 
were described in Franceso long ago as 1840 by Pépin, who says 
that, while the plant had been known in botanic gardens for 
twenty years, it was brought to notice as a culinary vegetable only 
three years before he wrote. It appears to have attracted little 
attention in Europe until very recent years, however, and it is 
still included in the second edition of Paillieux & Bois’ ‘‘ Kitchen 
Garden of a Virtuoso,’’* 1892. It began toattract attention in 
the United States probably about ten years ago. : 


* Le Potager d’un Curieux, Paris. 
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The Pe-Tsai (or ‘‘ white cabbage ’’ ) of the Chinese, is properly 
an annual plant, which has much the habit of a Giant Cos lettuce. 
The illustration on page 179 shows an excellent specimen, when 
ready for cutting. A Jap- 
anese drawing of the 
plant is shown upon 
this page. The name 
of this particular Japan- 
ese variety, as written in 
the characters at the 
right, is Santo-Tsai, a 
variety which we have 
grown threeor four years. 
The characters at the 
bottom explain that it 
was raised in the Mita 
gardens at Tokio. 

The Pe-Tsai needs a 
moist and cool soil for 
its best development. If 
the plants are left too 
long in a seed-bed they 
tend to run to seed, and 
they do the same if set 
upon a hot and dry soil. 
The plant is nearly as hardy as the ordinary cabbage, and takes 
advantage of the cool weather of September to make its best leaf 
growth. We have usually sowed the seeds in June in a seed-bed, 
transplanting the plants before they begin to crowd, and procuring 
the heads in September and October ; but if a cool and uniformly 
moist, generous soil can be provided, the plants may be started 
late in July or in August with good results. ; 

The head of the Pe-Tsai is never solid like that of the cabbage, 
but is rather a long and loose roll of soft leaves, the inner ones 
becoming blanched and very crisp. In order to keep the head 
compact and tender, its top should be tied together, when nearly 
mature. An average core, or compact portion of the head, will 
measure ten or twelve inches in length, by a third or half as great 


anto-Tsat, fram a anese drawing. 
Santo-Tsat, apanese drawing 
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diameter. The one illustrated on p. 179 weighed 3 lb. 6 0z. The 
head is eaten in the same manner as ordinary cabbage, and it 
affords a very excellent dish. It is somewhat milder and sweeter 
than the cabbage. In China, I am informed, the plant is often 
served uncooked, being shredded with sugar and vinegar. If 
well grown, it is excellent eaten raw. 

We rarely secure heads from all the plants. In fact, in making 
many experiments, we have only once secured what could have 
been called a good crop, and in this instance the plants grew 
upon a moist or even wet clay loam. A correspondent in China 
states that the plants need to be well watered. But I am con- 
vinced that some of our unsatisfactory crops are to be charged to 
poor seed. There is no systematic attempt to grow the plant for 
market, and therefore little selection is practiced in the choice of 
plants and strains for seed-bearing ; and as the plant runs so 
quickly to seed in dry soils, it is easy for the stock to soon dete- 
riorate. A Japanese horticulturist, to whom I stated my difficul- 
ties, confirmed my suspicions by saying that the grade of seeds 
has a marked influeuce upon the crop. 

We have grown this interesting cabbage from several sources, 
and we have found little variation in the form and type of head, 
although the foliar and some other characters of the plants are 
perplexingly variable to one who desires to study them with re- 
ference to their botanical features. The Shantung Cabbage,* 
grown from szed furnished by the Royal Gardens at Kew, Eng- 
land, is somewhat dwarfer, but it does not appear to differ in 
other respects from the ordinary type. Another variety, which 
we have obtained from New York Chinamen, is called Lwon. 
The Chinese cabbage is always distinguished from related species 
by its very wide and winged petioles or leaf-stalks, which remind 
one strongly of the leaf stalks of the salad beet or Swiss chard. 

Pe-T'sai is probably a native of China, although its aboriginal 
form does not appear to be understood. It is much cultivated 


*Introduced in England in 1887, ‘‘ It grows in the north of China, is 
lettuce-shaped, and weighs from 5toS$ lbs. . . . It isan autumn cabbage, 
should be planted about 18 inches apart, thrives best with moisture, and in 
Shantung is watered every day ; there the seed is sown inJune.”—Kew Bul- 
letin, May, 1888, 137. 
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there, and alsoin Japan. Professor Georgeson* makes the follow- 
ing account of it in Japan: 

‘No other vegetable of this class is so universally grown, or is 
represented by so many varieties. It isa kind of rape which has 
been transformed by cultivation. Certain varieties of it are grown 
only for their seed, from which an oil isexpressed, formerly much 
used as lamp oil. ‘This class of illuminating oil is, however, rap- 
idly passing out of date, its place being taken by American kero- 
sene. . . .e. The term cabbage is a misnomer, as its resem- 
blance to that vegetable is quite remote. The plants are merely 
bunches of large, smooth, more or less spreading leaves, with 
broad fleshy midribs. ‘They do not bear their leaves on a well de- 
fined stem,as'do the cabbage, kale, etc., but look more like the Cos 
jettuce, the leaves having their origin at the surface of the ground. 
They are usually cultivated as a fall crop and grow very rapidly, 
some varieties attaining a height of two or three feet in two 
months from the seed. The seed is usually sown early in Septem- 
ber. When large enough, the plants are set out in rows like cab- 
bage, the distance varying with the size of the varieties. For 
rapid growth they require a rich soil, and good cultivators stimu- 
late their plants by applications of liquid manure every eight or 
ten days. By the end of October the crop is ready for use and it 
is cut and marketed before frost. In taste, all varieties are much 
alike. ‘They have the characteristic flavor of the Cruciferze in a 
wild form. This flavor is improved by blanching, which is com- 
monly done either by simply tying up the leaves or by heaping 
the earth up about them. ‘Thus treated, the leaves make a crisp 
and palatable salad. They are also boiled for greens, and enter 
into the composition of many dishes. Why might not this class 
of cabbage find similar uses in this country? It would especially 
compare favorably with the collards so largely grown for the 
southern markets, and which are merely varieties of non-heading 
cabbage of tourh fibre and strong taste. Some of the large vari- 
ties might also be of value for stock feed. 

‘“'This species is not hardy ; it must be harvested before frost. 
It is, in fact, chiefly grown for winter use. For this purpose it is 


* Amer. Gard. xii. 652 (Nov. 1891). 
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packed closely in tubs, with thin layers of common salt scattered 
through the mass. It soon undergoes a fermentation, which con- 
verts it into a kind of sauerkraut called Natsukz, which can be 
kept all winter and drawn upon at pleasure. There are many var- 
ieties, the following being some of the leading ones: Hakusaz, 
Shirakuki-na, Tojin-na, Santo-saz (see cut, p. 180), Wikawashima- 
na, Komatsu-na and Uguishu-na.”’ 


Pak-Chot.—( Brassica Chinensis. ) 

The Pak-Choi*, commonly called Chinese cabbage and fre- 
quently confounded with the Pe-Tsai and apparently always (but, 
I believe, erroneously) referred to the same species, is a vegetable 
which never forms a head, and which appears to be normally bien- 
nial, although it freely runs to seed the first season if left in the 
seed-bed or grown upon dry soils. ‘The engraving above is an 
excellent illustration of a well grown plant. Unlike the Pe-Tsai, 
the leaves are borne upon long and marginless stalks, and they 
spread in all directions, like a turnip top. ‘These leaf-stalks are 
light colored, sometimes almost ivory white and celery-like, and are 


*The word for ‘‘ greens’’ is spelled Choi and Choy, when rendered in Eng- 
lish characters, but Mr. L. Wing, of the Chinese Consulate, New York, tells 
me that the former spelling more nearly conforms to the Cantonain pro- 
nunciation. 
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the most edible portion, being cooked and served after the manner 
either of cabbage or asparagus. The entire foliage is cooked as 
_ ‘ereens,’’ however. The plant is curious and affords an accepta- 
ble variety for the kitchen-garden, but I cannot see that it is des- 


RELA 


TUBEROUS ROOT OF PAK-CHOI. 


tined to become even an important secondary vegetable in America. 
The plant requires a‘somewhat longer season than the Pe-Tsai. 

I have said that this plant is apparently normally biennial. 
Most of the plants, if given cool, moist soil, tend to make a turnip- 
like root, like that shown in the engraving above. ‘These roots 
are not unlike turnips in flavor. A patch was sown May 23, 
1893, to Pe-Tsai and Pak-Choi, the plants not being tansplanted. 
On November 19, when the last notes were taken, the Pe-Tsai 
plants had all perfected seeds and were dead, but most of the Pak- 
Choi plants were still growing, and had thick tuber-like roots. 

This plant is so uniformly associated with Pe-Tsai in horticul- 
tural writings, that Iam unable to separate its individual history. 
It is undoubtedly native to China. ‘There are many forms of it. 
We have grown it in two varieties from Japanese sources, and 
from the Chinese about New York we have it under the names 
Bok-tot-mot and Choz-tot-mot. 


California Peppergrass. (Brassica Japonica). PLATE I. 


In 1890, John Lewis Childs introduced the California Pepper- 
grass, with the following description: ‘‘Some years ago, we re- 
ceived from a customer a sample of seed which was called Cali- 
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fornia Peppergrass. It was recommended as being extra fine for 
salads, dressing and garnishing, and unlike anything else known. 
We find it a very beautiful and valuable thing, and unlike any- 
thing else of the sort. It seems to be halfway between a cress 
and a mustard. Its leaves are long and narrow, deeply laciniated, 
fimbriated and crinkled, making it one of the prettiest green foli- 
age plants we eversaw. To the taste the leaves are sharp, and 
‘have much the flavor of peppergrass. It is excellent when mixed 
with lettuce or other salads to which it imparts a very fine flavor. 
For garnishing there is nothing more beautiful. It grows very 
quickly, and to keep up a succession all summer several sowings 
must be made. We think its flavor much improved if bleached a 
few days before cutting by covering with boxes or boards.’’ Our 
own experience with the plant confirms the above account of its 
behavior. It is one of the best plants for early spring ‘‘greens,”’ 
as it grows very quickly, is hardy, and it makes a very compact 
tuft of crisp and beautiful leaves. The illustration in Plate I 
shows a plant when in condition for the table, but the specimen 
from which the photograph was taken was wilted, so that the 
compact growth of the young plant is not apparent. 

I recognized this plant asa probable cut-leaved and crinkled 
form of a garden mustard which I had known from boyhood, but 
the botanical position of which I had never been able to determine. 
There is a tradition in the family that the seed of this mustard was 
brought into western Michigan in the early days from Maryland. 
In my father’s garden, the plant has maintained itself for at least 
twenty-five years, coming up early each spring from self-sown 
seed. The crisp tufts of May herbage have always been a favor- 
ite for spring ‘‘greens.’’ I have also found this plant, with leaves 
almost as much cut as in the California Peppergrass, in a garden 
at Lansing, Mich., and John K. Small has collected the same 
form ‘‘about the neglected garden of Wells Miller, on the summit 
of White Top Mountain, Washington Co., Virginia.’’* 

The plant appears, therefore, to be widely distributed in this 
country, and the wonder is that neither American horticulturists 
nor botanists appear to have made any record of it; and I am not 
able to trace it in the garden literature of Europe. It appears to. 


* Specimen in Torrey Herbarium, Columbia College. 
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be the Sinapis Japonica of Thunberg, and a native of Japan or 

China: and I am led the more confidently to refer it to this 
species as Mr. Wah Hang says that he recognizes the form culti- 

vated as California Peppergrass, to be the /-how-tot of the Chi- 

nese. In the Japanese botanical serial, So MWokou Zoussetz, vol. 

xi. folio 38, isa good figure of the California Peppergrass form, 

under the name of Szvapis Japonica, or Chirimen-na of the Jap- 

anese gardens. I do not know how extensively this vegetable is. 
cultivated either in China or Japan. Professor Georgeson* speaks 

of the ‘‘J/idzu-na, still another species which perhaps furnishes 
the most favorite varieties,’’and says that the plantis Szzapzs Japo- 
nica. ‘‘One of these varieties which originated in Yamashiro, is © 
called Senxsujz. It is remarkable for the large number of leaves 
produced by a single root, and the leaf is narrow and deeply and 
irregularly cut. All these mustards are sown in the fall and used 
for greens in the winter, being gathered as wanted. In cold situ- 
ations I have often seen the rows partially protected by leafy bam- 
boo branches stuck thickly in the ground. The market gardeners 
on the east side of Tokio make a specialty of this winter crop.’’ 
But the Japanese serial quoted above, refers (folio 33) the A/idzu- 
na to Sinapis Chinensis of Linnzeus, quite a different plant,in my 
opinion, from .S. /aponica,although Professor Georgeson unites the 
two in his account. 


Chinese Mustard. (Brassica juncea,) PLATE I. 


Under five names we have grown mustards which appear to be 
varieties of one species. These plants are the Chinese Broad- 
leaved mustard (Thorburn) and the A/outarde de Chine & feuille de 
Chou (Vilmorin), which are identical; Chinese mustard (Thor- 
burn, Rawson, Vilmorin); Brown mustard (Rawson); and Bras- 
sica rugosa from the Royal Gardens, Kew, England. The upper 
engraving in Plate Tis an excellent likeness of the form sold as 
Chinese mustard by Vilmorin. ‘hisis the Choz-/o7 of the Chi- 
nese, The plant is very rank and coarse in its growth, the large 
rugose and roughish leaves often standing two feet high in moist 
soil. But even in this rank state, we have found the plant to 
have distinct value as a pot-herb. It cooks tender, and has a 


* Amer. Gard. xii. 653. 
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warm, half-pungent flavor which is very agreeable. Like other 
mustards, if these large leaves are desired, the plant should be 
given a cool soil and the best growth should be expected in spring 
or fall. The photograph in Plate I was taken on the 21st of Oc- 
tober. We have found this plant excellent for forcing, for winter 
““sreens’’ (see Bull. 55, p. 143). 

Brassica Juncea, as now accepted by botanists, is held to include 
a great variety of forms. It is native to tropical and temperate 
Asia, and is widely cultivated in the Old World. According to 
Hooker and Thomson,* it affords the Soorsa mustard of India, 
which is cultivated for oil and burning, and rubbing the body in — 
illness. Professor Georgeson speaks of its cultivation in Japan as 
follows :+ 

‘“* Taka-na, O-garashi.—This species is not a native of Japan. 
It is indigenous to Africa and China, from which latter place it 
has doubtless been introduced. It is a large plant, as is indicated 
by the native names, one meaning ‘tall greens’ and the other 
‘large mustard.’ It is hardy, and is usually sown in the fall, in 
rows two feet apart, for winter use. The leaves are large, spatu- 
late or obovate, the radical ones often a foot long, the lower por- 
tion of the margin dentate, and the upper portion entire or slightly 
sinuate. It is highly esteemed for salad, and is used all winter 
long. Certain varieties are also grown for the seeds, which are 
used both for condiment and asa source of oil. It is said to be 
cultivated in all parts of India for the seed, which is exported 
under the name of Sarepta mustard seed.”’ 


Tuberous-Rooted Chinese Mustard. (Brassica napiformis). 


This vegetable appeared in France in 1882 from seeds sent by 
Dr. Bretschneider, of the Russian legation, Pekin.{ It was offered 
by American seedsmen as early as 188g.|| The plant is a bien- 
nial, with thin bluish foliage, and a small tuberous root like a 
conical turnip. These roots, which reach a diameter of three or 


* Journ. Linn. Soc. vy. 170. 

+ Amer. Gard. xii. 653. 

t Paillieux and Bois, Le Potager d’un Curiex, 2d ed. 372. 
|| Annals of Horticulture, 1889, 121. 
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four inches, are scarcely distinguishable from white turnips in 
appearance, texture and flavor. I have not yet discovered suffi- 
cient merit in the plant to warrant its general cultivation in this 
country. In China the tubers are used as a winter vegetable, the 
seeds being sown in summer. 

The plant is native to China. It does not appear to have been 
brought to the attention of botanists until Bretschneider published 
an account of it in a French journal in 1881. Paillieux and Bois 
regard it asa va- 
riety of Brassica 

Rive 4 juncea, to which 
NA aoe : fh the Chinese 
~)d mustard be- 
longs, but it is 
very different 
from that plant, 
and I am forced 
to consider it a 
distinct species. 
It is more nearly 
related to Pak-Choi than to any other plant which I know, and 
it may have sprung from the same species; but it is clearly dis- 
tinguished by its sharply toothed leaves, one of which is shown in 
the accompanying figure. . 
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Lower Stem-leaf of Tuberous Rooted Mustard. 


Botanical Characteristics of These Cabbages and Mustards. 


In common with all members of the genus Brassica, or Cabbage and Mus- 
tard tribe, these Chinese plants are much confused respecting their botanical 
characters. Recent writers* have referred all the Chinese Cabbages to Bras- 
sica campestris, the Ruta-Baga; but one who studies the plants carefully 
both from herbarium and living specimens, cannot long hold this opinion. 
The genus Brassica divides itself naturally 'into two groups,—the cabbages 
and rape, characterized by thick leaves, very glaucous-blue herbage and long 
flowers which are creamy white, and the mustards, with thinner and green 
or lightly glaucous herbage and small bright yellow flowers. The Chinese 
cabbages belong to this latter group rather than to the former. Their flow- 
ers are those of the mustards, and I have no hesitation in removing the 
plants from Brassica campestris. 


* See, for instance, Kew Bulletin, May, 1888, 138 ; Forbes& Hemsley, Journ. Linn. Soc. 
xxiii, 46. , 
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There is even good reason for separating the twotypes of Chinese cab- 
bage—the Pe-Tsai and Pak-Choi—iuto two species; for they differ widely in 
their leaf characters and pods ; and the former is truly annual, while the 
latter is evidently normally biennial. The Chinese cabbage has been under- 
stood to be the Arassica Chinensis of Linnzeus, but Linnzeus’ description 
is not explicit and it does not fit the Pe-Tsai, although it designates fairly 
well the characters of Pak-Choi. Theremarkably broad-winged flat petioles 
‘would not have escaped Linnzeus’ description if he had had the Pe-Tsai 
type before him, and his comparison of the fo iage to that of the cynoglos- 
sum suggests Pak-Choi rather than Pe-Tsai. Louriero, however, explicitly 
describes the Pe-Tsaias Szzapis Pekinensis var. Pe-Tsai, and I have raised 
this variety to specific rank under Brassica, theigenus with which Sinapis is 
now united by most botanists. I have ventured to use Linneus’ name for 
the Pak-Choi, although it is impossible, without an examination of his her- 
barium, to detemine the plant which he had in mind. 

The tuberous rooted Chinese mustard is regarded as a variety of Brassica 
juncea by Paillieux and Bois, but it is widely different from that plant, not 
only in its biennial character but in distinct leaf characters and glaucosity. 
It is most closely allied to Pak-Choi, but the leaf characters in the two are 
so unlike that I have felt obliged to regard them as distinct species. 

The five types of Chinese cabbages and mustards here considered may be 
distinguished as follows: 

* Plant potentially biennial (7. e., the root hard and thickened, often dis- 
tinctly tuberous) ; foliage firm in texture. 


I. BRASSICA CHINENSIS*, Linn. Amcen. Iv. 280 (1759). PAK-CHOI, etc. 


Radical leaves numerous and large, glossy-green, obovate or round-obovate 
in general outline and entire or obscurely wavy or crenate, tapering into a 
distinct thick petiole,which is not at all or very little margined or sometimes 
with a few leaf-like lobes ; flowering stem and its leavesmore or less glaucous, 
the leaves obovate or oblong and clasping; flowers light yellow ; pods large 
and long and rather slender (about 3 in.) and firm, tapering into a cylindrical 
and sharp beak a half inch long. 

Linnzeus’ description of the species is as follows : 

“Brassica(chinensis) foliis ovalibus subintegerrimus, floralibus amplexicaul- 
ibus lanceolatis, calycibus ungue petalorum longioribus. 

‘‘Habitatin China. Dn. Osbeck attulit semina. 

“‘Descr. Folia oblonga seu ovalia, simillima cynoglosso, obtusa sed glabra; 
caulina amplexicauliad, oblonga, integerrima. Flores,ut in Brassica oleracea- 
lutei. Calyx unguibus petalorum longior, unde hians and interpetala promi- 
nens. Stamina longiora. Silique parum compressz.”’ 


2. BRASSICA NAPIFORMIS. TUBEROUS-ROOTED CHINESE MUSTARD. 


_ Sinapis juncea, var. napiformis, Paillieux and Bois, Le Potager d’un 
Curieux, 2nd ed. 372 (1892). 


*Sinapis Chinensis of Linnzus, isa different plant. 
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Radical leaves much less numerous, the blade thin and oval in outline and 
on long and slender, slightly feathered petioles, sharply and irregularly 
toothed, with a thin bloom ; lower stem leaves much like the radical ones, 
but the uppermost oblong-lanceolate and clasping ; flower stems (very tall) 
lightly glaucous-blue, the flowers bright yellow; pod much as in Pak-Choi, 
except that the beak is abrupt and very slender. 


** Plant truly annual, foliage loose and soft. 


3. BRASSICA PE-TSAI. PE-TSAI, etc. 

Sinapis Pekinensis, var. Pe-Tsai, Louriero, Flora Cochinchina, 400 (1790). 

Radical leaves numerous and large,light colored,oblong or obovate-oblong, 
soft and crinkled and very veiny, the margins wavy, the wide lower portion 
comprising a flat ribbed petiole 1 to 3 in. wide which is margined by a wavy 
or notched wide and thin wing; lower stem leaves notched or crinkled-mar- 
gined, the upper oblong-oval or oblong-lanceolate, all sessile and clasping 
and more or less glaucous; flowers light yellow; pod short (about 1% 
in.) and thick, softish, much broader and softer than in Pak-Choi,very grad- 
ually narrowed into acone-like short point. 

Louriero’s description of the plant is as follows : 

‘‘Sinapis Pekinensis. var. Pe tsai. a Cai bén. 

“‘ Differ. spec. siu. foliis turbinato-ovatis, integris, crispis: petiolis sub- 
planis, latis: silisquis glabris, planinsculis. 

‘“‘Hab., et notae. Caulis annuus, 2 pedalis, erectus, crassus, teres, 
glaber. Folia radicalia turbinato-ovata, integra, serrato-runcinata, crispata, 
glabra, flavescentia, tenerrima: petiolis sub-planis, latissimis, albis, sulcatis, 
semiamplexicaulibus : caulina conica, sessilia integerrima. Spice solitaric, 
longissimze, patentes. Calycis foliola 4, oblonga, obtusa, erecta, lutea. 
Corolla similiter lutea, 4-petala, patens. Siliquee lineares, compresse, 
glabrze, 2-loculares : seminibus ¢globosis, rufis. 

‘‘Habitat Pekini culta, ubi omnium optima. In Cochinchina altius 
crescit, inferior qualitate. In Lusitania satam, et plantatam servo, sed 
quotannis in peius degenerantem. 

“‘Observ. Attendens ad varietates Brassicee oleraceze in Europa cultas, 
et facie inter se valde differentes dubitare ceepi, non omnes iste sinapis 
plante dici etiam debeant varietates, non diversz species? 

Virtus. Fere eadem, quae praecedentium, sed debilior.”’ 


4. BRASSICA JAPONICA, Siebold; Miquel, Prolusio Flore Japonice, 74 
(1865-6) ; Georgeson, Amer. Gard. xii. 653 (1891), in part. Simapis Japonica, 
Thunberg, Flora Japonica, 262 (1784). CALIFORNIA PEPPERGRASS, etc. 

Radical leaves rather many, oblong, or oblong-obovate, the margins either 
crisped or the whole blade cut into many fern-like curled and crisped divisions ; 
stem-leaves toothed or cut, all petioled, usually very glaucous, as well, as the 
stem ; flowers small, yellow ; pods much smaller than in the preceding three 
species, with a gradual slender beak. 

The Stxapis Japonica of Thunberg is undoubtedly the plant which we are 
considering. There issome question, however, if the Brassica Japonica of 
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Chinese Mustard.—Brassica Juncea. 


California Peppergrass.—Brassica Japonica. 


PLATE It. 


La-kwa, Momordica Charantia. A curious vine 
of the Pumpkin family, much used by the 
Chinese in various culinary preparations. 


Sua-kwa, or Dish Cloth Gourd.—Luffa cylindrica. 
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Siebold is the same, This latter plant is known only by the following inci- 
dental reference to it by Miquel: 

“ Brassica Japonica Sieb., in Europa eseminibus Japonicis educta, cum 
Sinapi Japonica Th., floribus congruit, diagnosin S. auriculatae DC., haud 
repudians, nobis ob sp. incompletum nimis incerta.’’ 

It has seemed better, however, to accept Siebold’s species to be the same 
as Thunberg’s—inasmuch as there is no evidence that it is not the same— 
than to propose a new name for our plant. 


5. BRASSICA JUNCEA, Coss. Bull. Soc. Bot. France, vi. 609 (1859). 
Sinapis juncea, Linn., Sp. Pl. 668 (1753). 

Radical leaves generally abundant and often very large, oval or oboval in 
outline, the blade angled or toothed, tapering into a narrow petiole which 
generally bears leafy appendages; lower stem-leaves more or less toothed and 
petiolate, the upper ones oblong or oblong-lanceolate and entire and closely 
sessile or clasping ; flowering stems and leaves more or less lightly glaucous ; 
flowers bright yellow; pod slender, of medium size, tapering into a short 
beak. 

This mnch abused species is held by Hooker and Thomson (Journ. Linn. 
Soc. v. 170) to include a great variety of forms, as Sivapis levigata, Linn., 
S. integrifolia, Willd., S. ramosa, rugosa, patens, cunetfolia, Roxbg., S. 
lanceolata, DC., and others. There are two types of it in cultivation in our 
gardens, one with the radical leaves somewhat sharply toothed and nearly 
smooth below (comprising the Kew 4rassica (or Sinapis) rugosa), the other 
with root leaves obtusely toothed and spinescent on the veins below(compris- 
ing Chinese mustard, Chinese Broad-leaved mustard and Brown mustard). 
Linnzeus founded his Sizapis juncea upon a figure in Hermann’s Paradisus 
(Hermann, Paradisus Batavus, t. 230. 1705), which represents a plant very 
like the former type mentioned above, and which Hermann described as 
lettuce-leaved. 


II. CuBURBITS. 


Zit-kwa,* or Chinese Preserving Melon. (Benincasa cerifera). 

This plant appears to be a common inhabitant of Chinese gar- 
dens. Under the name of Chinese Preserving melon, it was in- 
troduced in 1892+ by John Lewis Childs. I am told that in the 
Chinese quarter of San Francisco it is known as Chinese water- 
melon. ‘The plant is one of the melon family, and is well known 
as a garden esculent in India, where it is native, and in other 
Asiatic countries. ‘The aspect of the vine is not unlike that of a 


*Mr. L. Wing regards Awa as the best spelling of the Chinese word for 
squash or gourd. Bretschneider, however (On the Study of Chinese Botant- 
cal Works, etc.), uses Awa. It is sometimes spelled gua. 

+ Annals of Horticulture, 1892, 18r. 
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tank and hairy muskmelon vine. The fruit is round or oblong, 
with a solid white flesh and small white seeds. ‘The exterior is 
greenish and hairy, and covered with a film of white wax-like 
substance (whence the name cerifera or wax-bearing). It ordin- 
arily reaches a length of ten to fifteen inches. In the books, the 
fruit is known as the wax gourd. In India, according to Fir- 
minger,* it is called pumpkin and white gourd by Europeans. 
The culture is similar to that of the muskmelon. Ido not know 
how the Chinese use this fruit. Vilmorin} writes that the fruits 
are eaten the same as squashes, and that the character of the 
flesh is intermediate between that of the squash and cucumber. 
Paillieux and Boist say that it is ‘‘ prepared like the cucumber, 
to which, to our taste it is much preferable.’’ I have been una- 
ble to relish the fruit when uncooked, but made into preserves or 
sweet pickles it is one of the best of all subjects for the purpose, 
and it is worthy general cultivation for such culinary use. 
La-kwa. (Momordica Charantia.) PLATE II. 


This plant is well known as a condiment and ingredient of 
curries and other table preparations, in the tropics, especially of 
the Old World, where it is native. It is also grown as an orna- 
mental vine, and for this purpose is sold by American seedsmen, 
along with the allied species, Momordica Balsamina or Balsam 
Apple. The plant isa vine, reaching a length of ten feet, and 
often covering the ground with a mat of attractive herbage and 
yellow, soft flowers. The leaves are cordate-ovate in general out- 
line, but are cut into five more or less toothed lobes. ‘The fruit 
in the common form is oblong, six or seven inches long and cov- 
ered with wart-like tubercles. his fruit is borne upon a slender 
stem of its own length, or more, and which bears a small leaf-like 
appendage at some distance back of the fruit. This appendage 
is entire or continuous in outline in this species, but in the true 
Balsam Apple (J7. Balsamina) it is distinctly toothed. The fruit 
of the La-kwa splits into three divisions at maturity, disclosing 
many rounded, bright scarlet bodies. These bodies are edible, 


¥ Manual of Gardening for India, 3d ed. 126. 
+ Les Plantes Potagéres, 2nd. ed. 37. 
{ Le Potager d’un Curieux, and. ed. 44. 
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and they comprise a pulpy mass (known to botanists as an aril) 
with a flat, squash-like, white or brown seed in the center. The 
seeds are curiously carved or marked upon the sides, and I have 
received them for planting, under the name of ‘‘ Art Pumpkin.” 

This plant is a favorite with the Chinese, but I doubt if it will 
meet any considerable favor with Americans as an esculent. A 
writer in Garden and Forest®* calls it Foo-gua, but I have never 
heard this name applied to it. The name La-kwa is said to mean 
‘‘bitter squash.’’ The bitter rind is dried as a medicinal prepara- 
tion. The fruit is prepared in various ways, when immature. 
The seed masses are dried, and in this condition are mixed with 
meat and are used in preparations of appetizers. The plant is 
also commonly cultivated in Japan,y under the names 7sura- 
reishi and Niga-uri. The various methods of preparing the fruit 
for table use in China, are given as follows by Edward Wilmann 
in a foreign publication : { 

‘This fruit, which attains an average length of three to four 
inches, is always gathered and used before it is ripe. When ripe 
it is useless from a culinary point of view. Some prefer it when 
it is still tender, while others do not relish it before it possesses 
some consistency. In either case, it is in good condition until it 
matures. For the table it is prepared as follows : 

‘““In salad. The fruit is cut lengthwise into halves, and the 
seeds are removed. These two parts are then put into a sauce 
made of vinegar, olive oil, ginger, garlic, all-spice, salt, ete. It 
is customary to add to this also some cucumber, cabbage, carrot, 
mango, etc. 

‘‘ Pickles, After having removed the seeds, the fruit is cut in 
circular slices, and is then seasoned with citron juice, all-spice, 
ginger, etc. 

“In cari,|| The fruit, having been cut into two pieces, is pre- 


pared by boiling with fresh or salt bacon, or with fresh or salt 


*K. T. Lander, ‘‘ Chinese Horticulture in New York,’’ Garden and Forest, 
i. 483. 


tTamari, Trans. Amer. Hort. Soc. iv. 79; Georgeson, Amer. Gard. xiii. 


526 (with illustration). ; 
{ Paillieux & Bois, Le Potager d’un Curieux, 2d ed. 335. 


4 Cae * . 5 
|| Cari is a condiment powder made of all-spice, curcuma, and other spicy 


powders. 
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fish. Cari may be added if desired, but the common southern 
condiments are in general use. 

“In India the fruit is sliced and then fried. It is necessary, 
however, to boil it in water first, in order to remove all bitterness.’’ 


Sua-kwa. (Luffa cylindrica). PLATE II. 


2 THIS plant we have grown from several sources, and under 
¥v* a variety of names, as Dish Cloth Gourd from American 
seedsmen, aga zto-uri from Japan, and Luffa Fabiana, L. 
Japonicaand L. noctiflora odorata.* J have not seen this 

plant in Chinese gardens, but Mr.Wah Hang tells me that it is well 

known in China, where it is called Swa-kwa or ‘‘ water squash.” It 

is widely distributed in all tropical countries, and its nativity is 

uncertain, but it is probably indigenous to Asia. It isa cucumber- 

like vine, bearing slender cylindrical curved fruits which, in our 

gardens, reach a length of one to two feet, although in warmer 

countries the fruits of some varieties are said to reach nine feet in 

length. ‘The fruit of this species is well shown in the lower figure 

Plate II. Itis destitute of ridges, and this character distinguishes 

it from Szug-kwa, which is described in the following pages. There 
are also good leaf characters to separate the two. This plant, the 

Sua-kwa, has distinctly 5-lobed leaves, while the other has rounded 

and angled or shallow-lobed leaves. These characters are all ad- 

mirably drawn in an article and illustration by Professor Georgeson 

in the American Garden for September, 1892, but the plant is re- 
ferred to the wrong species. 

The fruit is eaten before it is mature, either sliced like cucum- 
ber, orin soups, or cooked like squash. In Japan, according to 
Professor Georgeson, the young fruit is sliced and dried and thus 
preserved for future use. The fibrous interior of the mature fruit 
has a sponge-like texture, and when cured can be used as a sponge 
or towel, for which purpose it is frequently sold in our stores. 
The chief value of the plant in this country is in this sponge- 
like fibre, and it is worth growing in for ornament ; but I doubt if 
it will ever become prominent as a food-plant. The plant re- 


* Botanical synonymis of this species are the following, amongst others 
Luffa Fgytiaca, L. Petola, L. striata, L. F ‘ettchit. 
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quires a long season, and it should be started early and placed 
upon a warm quick soil. Like the cucumber and melon, the luffas 
are tender and should not be placed in the field until frosty 
weather has passed. 

Sing-kwa. (Luffa acutangula.) 


This plant differs from the preceding in bearing a ten-ribbed 
fruit, as shown in the illustration (below), and leaves which are 
rounded in outline and only slightly lobed. It is in common cul- 
tivation by the Chinese about New York, to whom it is known.as 
Sing-kwa, or ‘‘ hairy squash,” although I do not know why the 
name is applied to it unless in reference to the somewhat pubes- 

hk 
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Sing-kwa.—Luffa acutangula, 


cent stems, although it does not differ perceptibly in this respect 
from the Swa-kwa just described. This plant, like the other, 
is widely distributed in the tropics and is known under a variety 
of names. ‘To botanists it is commonly known as Luffa fetida. 
We have grown it as Rag Gourd. The name Dish Cloth Gourd 
can be as well applied to it as to the other. The uses of the 
fruit are the same as those of Swa-kwa. 


III. .MIscELLANEOUS VEGETABLES. 


Ga-lon-ow, or Chinese Pea. (Pisum sativum.) 


The pea of the Chinese gardens behaves like a little improved 
or perhaps ancient type of the common pea. It is the same 
species as ours. It differs chiefly in having somewhat knotty or 


RECENT CHINESE VEGETABLES. 197 


constricted pods, as shown in the illustration (p. 198). The pods 
‘shell ’’ very hard, and there is a tendency to develop a broad 
border or margin along the lower side. The peas are small and 
are variable in color, and they generally turn dark in cooking. 
In quality, they are sweet and excellent, but they do not possess 
any superiority over our common varieties. 

The seeds which we have obtained from the New York China- 
men are mixed. In color, the peas run from nearly white to 
dark brown. ‘The brown seeds, however, have given us much 
earlier pickings than the light ones. In one instance, the seeds 
were sorted into three grades, light, medium light, and dark 
brown, and all were planted in sandy soil on the 20th of April. 
On the 5th of July, the dark-seeded plot gave a good picking, 
while the light-seeded, and even the medium plots, produced 
much taller plants and very few of the pods had begun to fill 
The dark and medium-seeded plots produced plants with colored 
flowers,—the standard being rose-purple and the keel black- 
purple and splashed. The light-colored seeds, on the other hand, 
gave pure white flowers, larger leaves and broader pods. These 
facts are interesting in connection with the evolution of the gar- 
den pea and its relationship to the red-flowered field-pea. 


Tou-kok, or Chinese Bean. (Dolichos sesquipedalis). 


This is a pole bean with few-seeded pods of great length and 
which are eaten after the manner of the pods of string beans. The 
same species, but commonly a shorter-podded variety, is sold by 
our seedsmen as French Yard-Long Bean. ‘This bean is native 
to South America, and is widely cultivated in warm countries. 
It requires a long season, but we have little difficulty in securing 
pods twenty incheslong. These pods are very slender, and some- 
what flattened and ridged, and the beans are often placed two 


. inches apart. ‘The beans are like those of the French Yard-Long, 


—small and oblong (14 inch or less long), cinnamon-brown, with 
a white black-bordered eye. Mr. Wah Hang tells me that the 
Chinese name of this bean signifies ‘‘ very long plain October,” a 
name which is applicable to length of pod and season of ripening. 
Burr,* in speaking of this species, mentions a “' variety known as 


* Garden vegetables, 287 (N. Y., 1866). 
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the Chinese Long-Pod,’’ which “‘ produces pods of much greater 
length, often measuring nearly three feet.’’ I believe that this 
bean is well worth growing in American gardens, if one enjoys a 
late vegetable of the string-bean type. 


flon-tot-mot. (Amarantus Gangeticus). 


This plant is used while young for greens. It is very closely 
allied to the common Beetweed or Pigweed, a plant which is 
similarly used in many parts of this country. The plant is widely 
cultivated in oriental countries and seems to be much prized. The 


Leaf and flower-clusters of Hon-tot-mot.—A marantus = a 


Gangeticus. 
xR 


Chinaman of whom I procured seed parted with it reluctantly, 
saying that it was very choice. Yet I am unable to discover any 
unusual merit in the plant for American gardens. In the south, 
if introduced, it might become a weed, but it has not shown that 
tendency here. Our first sowing was madein 1891, and the 
ground has been much neglected since. It came up from self- 
sown seed in 1892, but it has not been seen since. 


Yon-sot. (Coriandrum sativum). 


THIS is coriander, the young leaves of which are relished 
as acondiment by the Chinese. I am notsure if this 
Chinese plant is identical with the plant of our gardens. 
Louriero,{a botanist who wrote upon the flora of China 
over a century ago, mentions the plant, taking it to be 

the same as the European coriander. DeCandolle*, however, 


* Prodromus, iv. 250. 
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expresses a doubt as to the identity of the two, but Hemsley, in 
his recent flora of China, regards them as thesame. The Yon- 
soi, as we have grown it, has leaves rather more finely cut than 
the common coriander, and the flowers are somewhat different in 
appearance. But in horticultural value the two are not unlike. 


SUMMARY. 


Various garden vegetables have been introduced into this coun- 
try by the Chinese, some of which are worthy a place in American 
gardens. 

The best known, aud perhaps the most valuable of these new 
vegetables, is the Pe-Tsai, or so-called Chinese cabbage. This 
plant bears a loose lettuce-like head of crisp leaves, which may 
be used in all the fashions in which cabbage is served. This 
plant requires a cool and moist soil in which to make its best 
growth. It is essentially an autumn vegetable. 


The Chinese mustard is an excellent plant for greens and pro- 


duces an enormous amount of herbage. Its culture demands the 
same attention as that advised for Pe-Tsai. 

California Peppergrass appears to be a finely cut-leaved form of 
a mustard long known in old gardens, but not described either in 
American botanies or gardening books. It is one of the best of 
all plants for early spring greens. Although the species is culti- 
vated in China and Japan, it does not appear to have been inde- 
pendently introduced from those countries in recent years. It is 
not known how or when the plant first came into this country. 

Other mustard-like plants recently introduced from China are 
the Pak-Choi, used as greens and for the white thick leaf-stalks ; 
and the Tuberous-Rooted Mustard, grown for its small turnip-like 
root. ‘These plants possess less merit for American gardens than 
the foregoing species. 

Of the various squash-like plants introduced by the Chinese, 
the best is probably the Wax Gourd or Zit-kwa. ‘The fruit of 
this is excellent for conserves. The plant is of easy culture, but re- 
quires a long season. 

The La-kwa or Momordica has more merit as a curiosity and 
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an ornamental vine than as an esculent, for American tastes. It 
is not new to the American seed trade. 

The luffas or Dish Cloth Gourds of the gardens are of two 
species, which differ chiefly in the contour of the fruits. The 
commoner species in this country has ribless cylindrical fruits, but 
the one chiefly grown by the Chinese about New York has club- 
shaped ribbed fruits. These fruits are interesting to us chiefly as 
a curiosity and as yielding a sponge-like fiber which is useful for 
household purposes. 

The Chinese pea has little to recommend it to American gar- 
deners. 

The Chinese bean or Tou-kok is no doubt a valuable vegetable 
for late home use. . 

The remaining Chinese vegetables here discussed—Hon-toi-moi 
and Yon-soi—have very little value for our gardens. 

L..o. BAILEY: 
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Pa CULTIVATED POPLARS. 


I. GENERAL REMARKS. 


There has been little attempt in experiment station literature to 
discuss matters of ornamental gardening. The so-called practical 
problems connecting directly with bread-winning have necessarily 
and properly absorbed the energies of investigators. But the 
ornamentation of rural and suburban homes is quite as much 
within the province of experiment station work ; and it should 
also be remembered that the growing of plants is itself an indus- 
try which enlists a vast amount of capital, and this nursery busi- 
ness has received little direct and explicit aid from experiment 
station publications. The present essay is undertaken for the 
double purpose of explaining certain fundamental principles in 
landscape gardening—a subject to which the poplars readily lend 
themselves—and of unraveling a web of difficulties respecting the 
species and varieties of poplars, into which the nursery catalogues 
seem to have fallen. An investigation of the botanical and horti- 
cultural features of the poplars has been assiduously prosecuted for 
upwards of two years, and the writer has had the free use of var- 
ious nurseries and plantations in Western New York and the aid 
of botanists in many parts of the country. Asa group, the pop- 
lars possess comparatively small value in landscape planting, but 
this very fact affords me the opportunity I seek to press home 
the fallacy of certain common practices amongst planters. 

At the outset, I must be allowed to explain that landscape gar- 
dening is the embellishment of grounds in such fashion that they 
shall possess landscape or nature-like effects. This definition at 
once removes from our consideration all the formal effects of 
flower-beds and sheared trees, which, while useful at times, bear 
no closer relation to landscape gardening than a cupof paint bears 
to the fine art of painting. In other words, a landscape garden— 
and that should mean every country yard, however small or sim- 
ple—should have in it the elements of a picture. It should appear 
to have one thought or feeling running through it all, and this is 


206 BULLETIN 68. 


a condition which is impossible when trees or bushes or flower- 
beds are scattered all over the place, for in such case one is at- 
tracted by these individual and detached objects and is not 
particularly impressed with the place as a whole or asa unit. 
Such a yard is a nursery. An artist would not care to paint such 
an area. Ifa yard is to be a picture, it must havea sense of 
frame-work about it,—certain strong groups of bushes or trees 
about the borders, and the central area should be a more or less 
open greensward with very cautious planting. The different parts 
are then in masses or in bold contrast, and the place has character. 
At the same time, the partial shutting off of the surrounding 
areas sets bounds to the place, defines it, and makes it to appear 
personal, snug and home-like. One should learn that it is not 
plants which make a place attractive, but the arrangement of 
plants. In fact, many otherwise attractive places are ruined by 
a wealth of good plants scattered without purpose over the lawn. 

It is but a corollary of this discussion to say that plants which are 
simply odd or grotesque or unusual should be used with the great- 
est caution, for they introduce extraneous and jarring effects. 
They are little in sympathy with a true landscape garden. An 
artist would not care to paint an evergreen sheared into some gro- 
tesque shape. It is too formal and it has no elements of true 
beauty. It is simply curious, and shows what a man with plenty 
of time and long pruning shears can accomplish. 

This leads me to one of the proper subjects of this paper, the 
planting of the Lombardy poplar. Fortunately, this tree is less 
planted in New York than in many western states. Its chief 
merits to the average planter are the quickness of its growth and 
the readiness with which it multiplies by cuttings. But in the 
north it is apt to bea short-lived tree and it suffers from storms, 
and it has few really useful qualities. It may be used to some 
advantage in windbreaks for peach orchards and other short-lived 
plantations, as explained in Bulletin 9 of this station; but after 
a few years a screen of Lombardies begins to fail and the habit of 
suckering from the root adds to its undesirable features. For 
shade, it has little merit, and for timber none. People like it 
because it is striking, and this, in an artistic sense, is its gravest 
fault. It is unlike anything else in our landscape, and does not 
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fit into our scenery well. The Lombardy should rarely,if ever, be 
seen asasinglespecimen ; and above all, its formality and stiffness 
should not be emphasized by planting itin rowsalong country roads. 
A row of Lombardies along a roadside is like arow of exclamation 
points ! 

But the tree can often be used to good effect as one factor in a 
group of trees, where its spire-like shape, towering above the sur- 
rounding foliage, 
may lend a spirit- 
ed charm to the 
landscape. It 
combines well in 
such groups if it 
stands in visual 
nearness tochim- 
neys or other tall 
formal objects. 
Then it gives a 
sort of architect- 
ural finish and 
spirit to a group 
of trees; but the 
effect is general- 
ly lessened, if 
not altogether 
spoiled, if more 
than one Lom- 
bardy is in view. 
One or two speci- 
mens may often 
be used to give 
vigor to heavy 
plantations 
about low build- | ~ * ee he ee 
ings, and the ef. a=MREee a a 
fect is generally Attractive Group of Lombardy Poplars. 
best if they are 
seen beyond or at the rear of the building. Now and then one. 
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sees a picturesque clump of Lombardies standing alone, like that 
shown upon page 207. Here the one original tree has given rise 
toavaried progeny of sprouts, and the mass has a freeness of outline 
which can never be obtained in a regularly planted clump of these 
trees from which the suckers are continually removed. This partic- 
ular clump is one of the most picturesque objects in a sweeping 
landscape near Perry City, Schuyler County, N. Y., but its excel- 
lence is purely accidental. 

Another feature of common ornamental planting which is well 
illustrated in the use of poplars, is the desire for plants simply 
because they grow rapidly. A very rapid-growing tree nearly 
always produces cheap effects. This is well illustrated in the 
common planting of willows and poplars about summer places on 
lake shores. Their effect is almost wholly one of cheapness and 
temporariness. There is little that suggests strength or durability 
in willows and poplars, and for this reason they should always be 
used as minor or secondary features in ornamental or home 
grounds. Where quick results are desired, nothing is better to 
plant than these trees, but better trees, like maples, oaks, or elms, 
should be planted with them and the poplars and willows should 
be removed as fast as the other species begin to afford protection. 
When the plantation finally assumes its permanent characters, a 
few of the remaining poplars and willows, judiciously left, may 
afford very excellent effects ; but no one who has an artist’s feel- 
ing would be content to construct the frame work of his place of 
these rapid-growing and soft-wooded trees. 

I have said that the legitimate use of poplars in ornamental 
grounds is the production of minor or secondary effects. As a 
rule, they are less adapted to isolated planting as specimen trees 
than to use in composition,—that is, as. parts of general groups of 
trees, where their characters will serve to break the monotony of 
heavier foliage. The poplars are gay trees, asa rule, especially 
those, like the aspens, which have a trembling foliage. Their 
leaves are bright and the tops are thin. A few of them in judi- 
cious positions give a place a sprightly air. I especially love the 
common aspen or Populus tremuloides of our woods (Fig. 14). 
Its light dancing foliage and silver-gray limbs always cheer me, 
and its autumn color is one of the purest golden-yellows of our land- 
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scapes. I like to see a tree of it standing out in front of a group 
of maples or evergreens. Its whole attitude is then one of famil- 
larity. 

The cottonwood is perhaps the best of all our poplars asa single 
specimen. It makes a noble tree, spreading its gray branches far 
and wide. But like the aspen, it is cheerful and restive. One is 
not moved to lie under it, as he is under a maple or an oak. Its 
leaves rustle with the lightest movement of air. The ripple of 
its foliage always recalls to my mind the play of wavelets upon a 
pebbly shore. The day is never so dark, but the cottonwood 
reflects a flood of light. 

Some of the forms of the black poplar of Europe are especially 
satisfactory for the production of lively effects in planting. Of 
these, I know of none better than the form known to nurserymen 
as Populus elegans. It has a most pleasing light and tremulous 
foliage, the effect of which is heightened by a twiggy character of 
growth and a reddish cast to the leaf-stalks and young shoots. It 
is an elegant tree, and well adapted to planting in front of heavier 
foliage in the most conspicuous portion of the grounds. 

Some of the silver or white-leaved poplars produce the most 
striking contrasts of foliage, especially if set near darker trees. 
Bolle’s poplar (Populus Bolleana of the nurseries) is one of the best of 
these trees. Its habit is something like that of the Lombardy. 
The upper surface of the deeply lobed leaves is dark dull green, 
while the under surface is almost snowy white. Such emphatic 
trees as this should generally be partially obscured, by planting 
them in amongst other trees so that they appear to mix with the 
other foliage, or else they should be seen at some distance. Other 
varieties of the common white poplar or abele are occasionally 
useful, although most of them sprout badly and may become a 
nuisance. But the planting of these immodest trees is so likely to 
be overdone that I scarcely dare recommend them, although, 
when skilfully used, they may be made to produce most excellent 
effects. If any reader has a particular fondness for trees of this 
class (or any others with woolly-white foliage) and if he has only 
an ordinary farm-yard to ornament, let him reduce his desires to 
a single tree, and then if that tree is planted well on the inside of 
a group of other trees, no harm can result ! 
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There are various weeping and grotesque horticultural varieties 
of the poplars, as of other trees. Concerning the use of these, I 
need only say that they are curiosities and that they should not 
be given prominent positions directly in front of the house. I 
think that no one will care to dispute me if I say that a person 
who fills his front yard with such specimens, has little apprecia- 
tion of natural objects. A few grotesque specimens in positions 
of secondary importance may be desirable, as in a side or back 
yard, but one will find that the more he cultivates a love of nat- 
ural scenery the less he cares for mere monstrosities. 

I may seem to have placed myself in the position of writing a 
bulletin upon a group of trees which, upon the whole, I should 
be quite as willing to discourage as to augment ; but my object 
has been rather more, as I intimated at the outset, to point out 
certain common defects in habits of thinking about ornamental 
trees, and to discourage the use of trees simply because they are 
odd, quick-growing and cheap. I wish that there were fewer 
Lombardy poplars in many parts of the country, fewer of the 
ugly white or silver poplars, and more of the American and 
European aspens, of the large-toothed aspen, of the cottonwood, 
and the Russian Certinensis poplar. Many of the species are 
excellent for covering sand-hills—for which the white poplar is 
well suited—or rough or waste places, and they are capable of 
adding much light and cheer to a yard. But planters are too 
prone to use certain ones over freely. 

Poplars are often disagreeable upon the lawn because of the 
abundance of down or wool which they give to every breeze in 
May and June, when the seed-pods burst. There is really little 
occasion for this annoyance, however. The poplars are dicecious, 
—that is, the male and female flowers are upon different trees 
(although both sexes are rarely upon the same trees in the cot- 
tonwood). Nurserymen, therefore, should grow only the male 
specimens. The cuttings from a male tree—or one producing 
no cottony seeds—will give progeny of the same character. Of 
the Lombardy, there is only the male sex in the country, the 
female never having been introduced, or at least not distributed, 
so farasI know; while the weeping willow is represented only by 
the female plant. Some ofthe speciesand varieties are worth plant- 
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ing for the catkins which are produced so freely in early spring. 
The European aspen (Populus Tremula) is particularly desirable in 
this respect (Fig. 13); and this species also has a most interesting 
habit and foliage. 

It should be said, in passing, that most of the poplars are 
hardy trees and thrive in a great variety of trying situations. 
This, together with the ease of propagation and their cheapness, 
combined with free and rapid growth, makes them the best of 
trees for nurse plantations,—that is, for temporary shelter for 
other trees and bushes. In this respect the common aspen poplar 
is one of the most valuable of all trees in the reforestation of 
American lands. It springs up quickly in clearings, and during 
its comparatively short life holds the soil and protects other vege- 
tation and finally contributes its own substance to the mainten- 
ance of the stronger forests. In this manner it has exerted a 
most powerful effect upon the configuration of our forest areas 
and upon the fertility of the land from’ remote time. The same 
qualities make it valuable, in many instances, in extensive 
ornamental plantings. 

The recent introduction of Russian poplars has added consid- 
erable confusion to nursery lists, and it was this fact which first 
led me to take up this inquiry. The chief merit of the Russian trees 
is for planting in the northwestern prairie states, but all of them 
are worth attention for exposed localities in this state, as well as 
for ornamental planting. I am convinced that the so-called 
Populus Certinensis (properly P. daurifolia) is one of the very best 
trees to plant where quick results are wanted and where some 
feeling of strength and durability is also desired. The best dis- 
cussion of these Russian poplars which I know is contained in 
Bulletin No. 9 of the Minnesota Experiment Station by Professor 
S. B. Green, published in 1889. The following is a more recent 
sketch of these trees by the same author, prepared for this occa- 
sion : 

‘‘ Russian Poplars in the Northwest.—In the arboretum of the 
Minnesota Experiment Station are 12 kinds of Russian poplars 
that were received from the Iowa Agricultural College. Most of 
them have been grown in our collection for seven years, and some 
of them have been tried for a much longer period in other parts 
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of Minnesota, in Iowa and the Dakotas, but not long enough any- 
where in this country to warrant final conclusions. Those who 
live in locations naturally in timber can hardly understand the 
importance of the genus, to which these trees belong, to the pio- 
neers on the wind swept prairies. The ease with which many of 
them are increased, their rapidity of growth, great hardiness 
against extremes of heat and cold, excessive moisture, and pro- 
longed drouth, make them widely sought as pioneer trees in 
most severe locations, for the formation of wind-breaks and for 
shade from the scorching sun. 

‘“T would not be understood as recommending the general 
planting of poplars where our finer deciduous trees readily suc- 
ceed, but for a strong effect in the shortest time in severe locations 
they have no rival except the large growing willows, which may 
generally be used with them to advantage. Among the collec- 
tion of poplars commonly referred to as of Russian origin, are 
trees having a great variety in growth and foliage, so that by the 
judicious use of them alone one can secure very good effects in 
landscape planting. They are not, however, and never have 
been, represented as new species, but as hardier forms of species 
already introduced into this country, and in the following notes I 
have grouped the kinds under the several heads where they evi- 
dently belong, using their nursery or horticultural names. Aside 
from the few exceptions noted, they are all easily increased 
from hard wood cuttings made in the fall or spring. 

‘“ANGULATA CLASS— Young growth plainly marked with ridges 
or angles. 

Dudley's Populus [properly P. balsamifera, var. viminalis]. 
Growth only moderate; when young rather upright in habit, but 
somewhat pendulous when old. Our older specimens have been 
badly injured by leaf rust in dry summers, and on this account I 
have ceased propagating it. The leaves are broadly lanceolate, 
very wavy on the edges and the young branches very angular. 

‘“ P. betulifolia is probably the same species as P. nigra of the 
eastern nurseries. It makes a tree that is rather open in habit, 
inclining to a straight trunk with branches coming out at nearly 
right angles. The foliage remains bright and fresh even in dry 
sod land in severe seasons. It is not especially valuable for tim- 
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ber but is interesting and useful for contrasting with other trees ; 
leaves very thick, very large and broadly deltoid, much larger 
and broader than leaves of the cottonwood under like conditions. 

‘* Wobsky Poplar. One of the most distinct of its class; of 
rapid growth and open regular habit. As a timber tree it is up- 
right and valuable, but it seems to be more susceptible to the 
work of the poplar borer than other kinds and it occasionally 
loses its foliage in dry places. On account of these weaknesses 
it will not be largely planted in this section, but occasional trees 
may often be used to give variety. The leaves are large, ovate 
heart-shaped, stiff and very flat, of a shiny blue-green color on 
the upper anda light green on the lower side. Buds large and 
sticky. The young growth is only slightly angular. 

‘* P. Certinensis | P. laurifolia of botanists] was introduced into 
this country and disseminated by Arnold Arboretum. It is per- 
haps the best of the collection for general prairie and ornamental 
planting in this section ; perfectly hardy even in the severest ex- 
posures and rarely, if ever, affected with leaf rust which so often 
checks the growth of the cottonwood. Its timber makes very 
good siding for buildings and floors, and answers many of the 
purposes for which pine is generally used. It does not warp or 
crack like our native cottonwood. It is rather upright in form, 
with thick leathery leaves and of very rapid growth. It does not 
grow quite as fast as the native cottonwood nor resist the attacks 
of the leaf beetle so successfully, but it is a much longer-lived 
tree and stands close planting very much better. It is grown 
readily from cuttings, which in our forest plantation made a 
growth of a trifle aver 12 feet in three years from half-inch cut- 
tings planted eight inches apart in rows eight feet asunder. 
The leaves are thick and leathery with a wavy edge. The new 
wood is strongly angular. [The form of leaf is shown in Figs. 
7 and 8.]| 

“The Populus Petrovski so closely resembles P. Certinensis 
that I think them one and the same thing. Professor Budd ob- 
taided this in Russia and thinks it different from the latter. If 
this is true it does not show its characteristics until older than 
any specimen we have. 
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“The poplar known as P. pyramidalis var. fastigiata is evident- 
ly the Russian form of the Lombardy, if not the same thing. It 
has been introduced in the hope that it would prove hardier and 
longer lived than the common form, but in our experience of 
some seven years, young trees of either form have never been in- 
jured in this vicinity. It may, however, prove to be a longer 
lived tree than the common Lombardy, which is well known to 
be quite hardy, even in somewhat severe locations, when young, 
but to be very short lived on the dry prairies of the Northwest. 
It is, however, interesting to know that while the common Lom- 
bardy poplar is an almost worthless tree in most parts of Minne- 
sota, yet near Duluth and along Lake Superior it is quitea success. 

‘“ BALSAMIFERA CLAss.—With large sticky buds and young 
growths free from ridges or angles. 

‘* Populus balsamifera of Asia, as we have it, is probably the type 
of which P. Jaurifolia and P. Sibirica var. pyramidalis of 
horticulturists are but variations. The lamented Chas. Gibb 
said he saw in the botanical gardens at Kazan a specimen of this 
two feet in diameter and 50 feet high, and although it resembled 
P. Sibirica when young, it is quite different from it in form 
when old. Either of the next two kinds are preferable to it for 
planting, as the leaves of this have an unpleasant way of curling 
together. 

‘<P. Sibirica var. pyramidalis [a form of P. balsamifera, var. 
intermedia of botanists], makes a fair growth and is desirable for 
ornamental planting. I think the foliage will endure more hard- 
ship than the P. balsamifera, to which it is similar in form. 

‘“P. laurifolia [of horticulturists, but P. balsamifera, var. 
intermedia of botanists] isthe best of thisclass. Itis little slower 
growth than the ?. Certznenszs but like it healthy, vigorous and a 
good timber tree, and much superior to the cottonwood for lum- 
ber or fuel. Its thick leaves withstand the hottest, dryest air of 
the West, either standing alone or in shelter belts. The leaves 
are thick and leathery, oval in form, a smooth clear white on the 
under side, and a bright clear green on the upper ; generally flat, 
but sometimes a little folded. 

‘‘ WHITE POPLAR CLASs.—The typical Russian form of this is 
rather more upright than the common white poplar and does not 
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sprout so much. This latter quality will be considered desirable 
by growers of occasional specimens. On the other hand, it is not 
so easily propagated as the common form and is perhaps, no hard- 
ier, so that it will not supplant it for forest plantations where the 
beautiful white, fine-grained wood of this species is desired, 
and where the habit of sprouting from the roots is no drawback. 

‘* P. alba var. Bolleana is very different from the common white 
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I. WINTER TWIGs OF POPLARS.—a, b, c, d, forms of Populus grandiden- 
tata; e, P. angustifolia; f, P. nigra, var. elegans; g, P. balsamifera, 
var. latifolia (Nolestii); h, P. nigra (Eugenie); i, P. monilifera; j, 
P. laurifolia (Certinensis); k, P. balsamifera, var, viminalis ; 1, P. 
nigra (form known as Canescens); m, P. alba, var. canescens; n, P. 
alba, var. nivea; o, P. alba. 


poplar, which it resembles in foliage and bark, but its leaves are 
nearly as deeply lobed as those of the common silver maple ; on 
the upper side they are of a rich dark green color, while on the 
lower side they have a very heavy coat of white down. Its 
growth when young is nearly as upright as the Lombardy poplar 
with a tendency to a globular formed head when old. It is, how- 
ever, a long lived tree even in severely dry sections in the West, 
where the Lombardy poplar is worthless. It is of rather moder- 
ate or slow growth. I find it much more difficult to propagate 
than most other poplars, but have had fairly good success with 
cuttings taken off in the fall, and well callused before planting 
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in the spring, in the same manner as practiced with grape cuttings 
in the West. It grafts readily on several of our common poplars 
and on strong growing kinds its growth is considerably increased. 

‘“ P. alba var. argentea closely resembles the species but has 
heavier down on the underside, and is rather more spreading in 
habit, and is more easily propagated from cuttings.”’ 


II... THE CULTIVATED SPECIES OF POPLARS. 


The following catalogue attempts to refer the nursery and horti- 


, cultural names of pop- 
Ab lars to their proper 
7 \/-j} botanical species, and 
it includes various 
notes upon the horti- 
cultural values of the 
different types. The 
genus appears to be 
much confused 
amongst mnurserymen, 
and the perplexity has been 
increased by the arrival of the 
Russian varieties. In the pre- 
paration of this monographic list, 
I have received the greatest aid 
from the collection of Ellwanger & 
Barry, which has been freely placed at 
my disposal. The winter twigs are often 
useful in distinguishing the species, and I 
have therefore inserted a photograph (Fig. 1) 
of some of them. 
Group I. BALSAM POPLARS, or those with 
restnous-sticky more or less elongated buds. 
1. Populus angustifolia (James, Long’s 
2. Populus angus- Exped. i.497). YELLOW or BLACK POPLAR of 
Hees (% nal. the west. Fig. 2. A pyramidal small tree with 
it ovate-lanceolate willow-like leaves and cylindri- 
cal twigs, native from South Dakota west and south. It is spar- 
ingly cultivated. It is a tree of good habit and soft clear green 
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foliage, and is worth attention in the composition of groups. 
May be confounded with Populus balsamifera, var. viminalis, which 
see. The slender,cylindrical winter twigs with small buds (e, fig.1) 
are very different from the heavier and angled shoots, with coarse 
buds, of the other (k, fig. 1). 

2. Populus balsamifera (Linnzus, Sp. Pl. 1034 (1753). 
BALSAM POPLAR, TACMAHAC. Fig. 3. A tall upright tree, with 
a nairow straight top, growing in woods and along streams in the 
Northernmost States, and also in Northern Europe and Asia. 
Leaves thick and firm, 
erect, whitened beneath, 
usually smaller than in 
most other poplars of this 
Group: in shape ovate- 
lanceolate or oval, taper- 


ing towards the top and 
sometimes at the base, \\ 
finely and obtusely 


toothed. Young branches eek 
nearly or quite cylindri- 
ealt SN 


The native form is 
occasionally seen about 
farm buildings and road- 3, Fopu/us balsamifera (16 tee (4 
sides, where it makes a nat. size.) 
durable and pleasant 
tree; but it is most too stiff for the pleasantest effects and too 
narrow for the best shade. The dull whiteness of the under 
side of the leaves affords a pleasant variety and contrast in its 
foliage, and the fragrance of the resinous buds in spring is pleas- 
ant to most persons. It is a desirable tree for occasional plant- 
ing, but, like the Lombardy, it generally appears to best advant- 
age when placed amongst other trees. It is a hardier tree than 
the Lombardy, and does not run quickly to such extravagant 
heights. In cultivation from Russian sources, it is known as 
Nos. 16 and 26 Voronesh and 32 Riga. Fig. 3 shows ice e 
foliage (16 Voronesh) about half size. 

The balsam poplar is probably the most variable of ‘ee 
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In cultivation in this country it is represented by no less than 
three well marked botanical varieties, differing from the species 
and from each other in the habit of growth, shape and color of 
leaves and character of twigs. 

P. balsamifera variety intermedia (Loudon, Encyc. of Trees 
and Shrubs, 830 (1842). P. daurifolia of American horticulturists, 
not of botanists. P. Szbirica pyramidalis, of horticulturists). 
: Fig. 4. A com- 
paratively slow 
growing tree of 
close upright 
habit,  ipoms 
Northern Eur- 
ope, where it is 
used as a street 
tree. The leaves 
are very thick 


and hard, finely 


4g. Fopulus balsamifera ety intermedia. % nat. serrate, oval in 


outline, and 
prominently whitened beneath, and they are commonly rathersmall 
for this group. Twigs hard and cylindrical. It is considered to 
be a valuable tree for hot and dry interior climates; and it also 
has distinct merit for ornamental planting. It eventually becomes 
a large tree. The Populus laurifolia and P. Sibirica pyramidalis 
of American nurserymen are, so far as I can determine, only minor 
variations of one varietal type. All these trees are amongst 
the recent introductions of Russian poplars. 

P. balsamifera var. viminalis,(Loudon, Encyc. 830, t. 1510. 
P. viminalis, odd. Cat. (1836). 7. Lindleyana, Booth, Rev. 
Hort. 1867, 380. PP. salicifolia, P. crispa, P. Dudleyi, and P. 
pyramidalis suaveolens of horticulturists. Also sometimes called 
P. laurifolia). Fig. 5. A tree of only moderate and rather slen- 
der growth, with a partial weeping habit when old; native to 
northern Europe. It is at once distinguished from other forms of 
Populus balsamtfera by its sharply angled twigs (k, fig. 1), and 
broad-lanceolate willow-like leaves which are finely serrate and 
often crinkled-margined. 
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I am inclined to regard this as a distinct species from the balsam 
poplar. If it should be elevated to specific rank, it would be 
difficult to determine a correct name for it. Its first specific name 
is evidently Loddige’s, Populus 
viminalis, but that was only a 
catalogue name and _ therefore 
could not hold under the recent 
rules of botanical nomenclature. 
Populus Lindleyana was regu- 
larly published in 1867, but this 
name appears to have been used 
by horticulturists for a form of 
the cottonwood. The other 
names which it bears are used only 
by gardeners and nurserymen. 


* 


4. fopulus balsamifera var. viminalis. (% nat. size.) 


But however much doubt may attach to the botanical position 
of this small tree, it is valuable to planters if a tree of willow- 
like aspect but with more pronounced color effects and greater 
size and durability is desired. It is very like the native Populus 
angustifolia, which it represents in Europe, but is readily distin- 
guished by its angled or furrowed stems, and less tapering and 
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crisped leaves which are conspicuously finely reticulated and 
whitened beneath. The color of its foliage is a grayish green, 
and in this respect it affords a contrast to the native species. The 
native seems to be rather the better tree of the two, although the 
viminalis has a more striking appearance. 


i) eI P. balsamifera, var. 


A A \ (E latifolia (Loudon, En- 

; cyc. 830. P. WNolestit and 
((' P. Wobsky of horticultur- 
( ~} ists). Fig. 6.—This var- 


<< iety includes Asiatic 
forms with ovate or cord- 
ate-ovate rather blunt 


\ pointed leaves,  cylin- 


ae drical twigs (or slightly - 


ridged on strong shoots) 
\. <¢ (g, fig. 1) and the gen- 
eral habit of the balsam 
poplar. The leaves are 


\ usually large and thick, 
shining green above and 

6. Populus bal. j . latifolia. (} : : 
eee ae si gia PRE: dull white beneath, in 


shape and texture some- 
what like the next species (P. candicans). 'The Nolestii poplar is 
now sold by Eastern nurserymen as an ornamental tree. Its 
strong habit and dark foliage adapt it admirably to planting 
near the rear borders of grounds. ‘The Wobsky poplar is one 
of the recent Russian introductions, with somewhat the habit of 
a cherry tree, and is much prized in the northwest. The Rasu- 
movskoe poplar appears to be of the same type. 

3. Populus candicans (Aiton, Hort. Kew. iii. 406. P. bal- 
samifera, var. candicans, Gray, Manual, 2nded. 419. . Ontarien- 
sis and P. macrophylla of European horticulturists). BALM OF 
GILEAD. Fig. on title page.—A strong-growing spreading native 
tree, frequently planted, and esteemed for its vigor and hardiness 
and the resinous fragrance of its large buds in spring-time. The 
leaves are broad and heart-shaped, green above and veiny and rusty- 
white beneath, and the leaf-stalk is usually hairy and somewhat 
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flattened. It is very different from the balsam poplar in method 
of growth, as it has none of the pyramidal or spire-like tendency 
of that species, but usually makes a broad and irregularly spread- 
ing top. While the tree is common in cultivation, it is rare wild. 
In the early days, however, it was found in very large trees in 
Michigan and other western states, and was used for sawing 
timber ; and isolated natural groves of it are still occasionally 
seen.* The balm of gilead makes a good street tree, and is per- 
haps the best of the poplars for shade. Well grown trees have 
the darkest and richest foliage of any common poplar, and this 
character makes the tree valuable in heavy groups about the 
borders of a place. The top is liable to become open and 
broken with age, however, and the tree often sprouts profusely. 
It is not well adapted to smoky and dusty locations, as 
it soon becomes grimmy. It was used to good purpose in the 
lagoon borders of the World’s Fair, where its exuberant growth 
and stiff heavy leaves gave a massive effect. The illustration 
upon the title-page shows a spray of the balm of gilead, one- 
third natural size. 

4. Populus Simonii (Carriére, Rev. Hort. 1867, 360).— 
A strong strict tree from China, whence it was introduced into 
France about 1861 by M. E. Simon. It is now very sparingly 
planted in this country, but its merits are scarcely known. In 
foliage it is much like the next species (P. /aurifolia). Its leaves 
differ from those of the balm of gilead in having a rounded or 
tapering base and much finer teeth, but otherwise they are much 
alike. The shoots are reddish brown and spotted, and deeply 
grooved. Professor Craig, of the Central Experimental Farm, 
Ottawa, Ontario, who has had considerable experience with the 
tree, writes as follows concerning it : 

‘The tree in nursery and on the lawn is a very strong 
grower, with large ovate leaves, having the characteristic five- 
sided shoots of these Russian poplars. It grows very rapidly, 
making a growth of from six to ten feet per annum. I have not 
known it to winter kill either here or in Manitoba. It can 
hardly be termed strikingly ornamental,. but is useful for planting 


* Botanical Gazette, v. 9I. 
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7. Populus laurifolia (or P. 
Certinensts). Slow-grow- 
ing shoot. (% nat. size.) 
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where wind- 
breaks are de- 
sired quickly. 
Like the Car- 
olina poplar, 
it has a strong 
upright habit 
of growth.”’ 
5. Popu- 
lus laurifo- 
lia (Ledebour 
Icones Planta-. 
rum Nov. 
Ross. v. 23, t. 
479 (1834). 
P. balsami- 
Sera,var. laur- 
tfolia, Wes- 
mael;; 2. ee 
Prodr. xvi. part ii. 
330. LP. Certinensis, P. 
Petrovski and P. Bereolensis 
of American horticulturists). 
CERTINENSIS POPLAR, Figs. 7, 8; j. 
fig. 1.—This Siberian species is the most 
important of the recently introduced. 
poplars. It is a very rapid-growing and 
hardy tree, with a strong central leader, 
and avery heavy dense foliage. It is 
the Old World representative of our 
cottonwood. ‘The foliage upon the old 
wood or upon slow-growing shoots (Fig. 
7) isvery unlike that upon the vigorous 
branches, and it is almost identical with 
that of the balsam poplar, being broadly 
oval, with finely serrate margins, and 
whitish beneath. The twigs, also, are 
cylindrical. But the strong shoots are 
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strongly angled or grooved and the foliage is much like that of 
the native cottonwood but darker; and the growth is more close 


and erect. 
however : 

P. laurifolia or Certinensis 
(upper leaf). Leaves broad-ovate 
in outline, with a rounded or 
tapering base and rather short 
point at the apex; the margin 
rather closely toothed, wavy ; 
leaf-stalk comparatively short, 
only moderately flattened, gland- 
less at the top; stipules present 


Thesketch in Fig. 8 distinguishes the leaves perfectly, 


P. monilifera or Cottonwood 
(lower leaf). Leaves triangu- 
lar-ovate in outline, with a 
straight or truncate base and a 
long point at the apex ; margin 
coarsely scallop-toothed, plane; 
leaf-stalk long, much flattened 
beneath the blade of the leaf, 
and commonly bearing two or 


three gland-like bodies at its 
top; stipules absent or minute 
(falling early). Bud_ shorter. 
Shoots glabrous. 

I imagine that the similarity of the Certinensis poplar and cot- 
tonwood has been the means of confusing them, for I have pop- 
lars under the names of P. /aurifolia and Riga No. 40, which are 
cottonwoods. Whether these were really introduced from Russia 
after having first been introduced there from America, or whether 
the confusion is a mixing in ourown plantations, I am unable to 
say. ‘The Certinensis poplar is a more rugged tree than the cot- 
tonwood, with healthier foliage in the presence of leaf-rust, and 
its wood is said to be valuable. It is now much planted in the 
Northwest, and deserves to be more widely distributed. 

Its effect in the landscape is considerably unlike that of the 
cottonwood. Its leaves out stand more horizontally, while those of 
the cottonwood hang loosely and often vertically and therefore 
give the tree top a heavier look. The terminal spray of the two 
is particularly distinguishable in this regard. The leaves of Cer- 
tinensis upon the strong erect shoots stand almost squarely at 
right angles with the shoot, and, at some distance, therefore pre- 
sent only their ruffled edges to the eye, producing a most unique 
and picturesqne effect. But onthe whole, at least for the present, 
I should consider the cottonwood the better tree for ornamental 
planting in this state. 


and conspicuous. Bud long. 
Shoots slightly hairy. 
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Professor Craig, of Ottawa, writes of the species: ‘‘I have 
been sending out cuttings of these so-called Russian poplars to 
Manitoba and the Northwest Territories for the past four years. 


8. Certinensis poplar (above),and Cottonwood (below). 
(% nat. size.) 


The species 
which has given 
best satisfaction 
so farisonecalled 
Populus Certt- 
nensts, It resists 
drouth and cold 
remarkably well, 
and is looked 
upon by the 
settlers of the 
Northwest ‘Ter- 
ritories as one of 
their most valu- 
able shelter and 
timber trees.’’ 
The Certinen- 
sis poplar was 
used in the la- 
goon plantations 


at the World’s Fair, but because of its rapid growth in the direction 
of its leader, it made a less picturesque small tree than either the 
cottonwood or balm of gilead, which were similarly planted. 
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The name /aurifolia, or ‘‘ laurel-leaved,’’ is generally applied in 
this country to another plant,—FPopulus balsamifera, var. inter- 
media. ’'The name originated with the Russian botanist Ledebour, 
and he published a good illustration of the tree he had in mind 
and it is an admirable portrait of the large and crinkly leaves of 
the tree which in this country goes under the name of Populus 
Certinensis,—a name which, so far as I can learn, is simply a 
garden or nursery name. No. 39 Riga, as I have it, is the same. 
Neither am I ableto distinguish 
the tree grown in this country 
as Populus Bereolensis. Koch* 
mentions a Populus hybrida 
Berolinensis as being a hybrid 
between /. dalsamifera and the 


Italian poplar (or Lombardy), 

but his tree is probably not 

the same as the one grown in ) 

this country. y 
6. Populus monilifera 

(Aiton, Hort. Kew. iii. 406 

(1789). P. angulata, Aiton, wx LG 

Hort. Kew. iii. 407. . Caro- SN 


linensis, Moench, 
Werzeichiniss 
Weissenstein, 81 
(1785: Catalogue 
name). LP. glandu- 
losa, Moench, Meth- 
odus, 339 (1794). 
P. Canadensts, 
Mien? i.) "Hist. 
Arb. Am. iii. 302, 
t. 12. P. Carolina 
of nurserymen). 
CoTTONWOOD, CAROLINA and CANADIAN PoPLAR. Fig. 8, 9; i, 
fig. 1. Astrong growing handsome tree of large size, ranging from 


Populus monilifera, unusual form. (% nat. size.) 


* Dendrologie. ii. iA, 497. 
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western New England to Florida and the Rocky Mountains. Its 
leaf characters are sufficiently outlined above (under P. /aurifolia), 
but it is variable in shape and color of leaves. Some of the forms 
are fairly distinct in foliage and aspect, and they appear to be 
associated with particular horticultural names, in the nurseries. 
Fig. 9 shows a form with very long-pointed and round-based leaves; 
but it usually bears, also, the typical triangular foliage. Someof 
the most ornamental specimens of cottonwood are those which have 
reddish leaf-stalks and midribs. 

Taking all things into consideration, the cottonwood is prob- 
ably the best of the poplars for general ornamental planting. It 
grows rapidly and in almost every soil, and yet it possesses an air 
of strength and durability which most of the poplars lack. Its 
foliage is always bright and glossy, and the constant movement of 
the broad rich green leaves gives it an air of cheeriness which few 
trees possess. The tree has been much used upon the western 
prairies and in western towns, much too abundantly for good 
landscape effects. The rapid growth of the tree gives a feeling of 
luxuriance to plantations, even when most other trees appear to 
be weak or starved. The cottonwood thrives best upon rather 
low lands, and yet it is generally an admirable tree upon high and 
dry areas. 

The so-called Carolina poplar is only a very luxuriant cultivated 
form of the cottonwood. As sold by the New York nurserymen 
it does not differ otherwise from the wild Populus monilifera of 
our woods and creek borders. 

There is a golden-leaved form of the cottonwood known as var- 
iety Van Geertizt or var. aurea. It is one of the best of yellow- 
leaved trees, and generally holds its color throughout the season. 
Like all trees of this unusual character, it should be used © 
cautiously, and the best effects are obtained when it is planted 
against a group of trees so as to appear as if naturally projecting 
from the other foliage. 

7. Populus nigra (Linn. Sp. Pl. 1034 (1753). P. Hudsonica, 
Michx. f. Hist. Arb. Amer. iii. t. 10. PP. dbeiulifolia, Pursh, FI. 
Amer. Sept. ii. 619. P. Augente of nurserymen). BLACK Pop- 
LAR. hand, fig. 1. A European tree of medium to large size, 
with leaves somewhat resembling those of the cottonwood, but 
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generally smaller and much less deeply toothed, shorter in propor- 
tion to their width and often with a tapering or rounded base. 
The tree usually has a pyramidal habit of growth and a dark cast 
to the foliage. The leaf-stalk is flattened, so that the foliage 
moves freely inthe wind. It is a less lustrous tree than the cot- 
tonwood and grows more slowly. Specimens were found escaped 
along the Hudson by Michaux, who thought it an American 
species and published it early in the century as Populus Hudsonica. 
Pursh in 1814 published it again as the ‘‘birch-leaved poplar,’’ 
Populus betulifolia, from trees found upon Lake Ontario. Although 
is was found half wild in New York about a century ago, it does 
not seem to have increased itself in America, for it is rarely seen, 
even in cultivated ground. The tree known in the West as Pop- 
ulus betulifolia is only a robust form of the European P. nigra. 

The black poplar runs into many perplexing forms. ‘The best 
which I know is var. elegans (Populus elegans of nurserymen. 
f, fig. 1). It is a tree of pronounced strict or pyramidal habit, 
but considerably broader than the Lombardy. ‘The foliage is 
small and light colored and very versatile in a breeze, with a 
handsome reddish tint to the leaf-stalks and young shoots. It is 
worth growing in every well kept place, especially if placed 
against a planting of heavier foliage. Populus canescens of some 
American nurserymen is very like this, although it has less color 
and brightness. 

P. nigra, var. Italica (Du Roi, Harbkesche Baumz. ii. 141 
(1772). War. pyramidalis, Spach, Ann. Sci. Nat. 2nd ser. xv. 31 
(1841). P. [talica, Moench, Verzeichness Weissenstein, 79 (1785). 
P. dilatata, Aiton, Hort. Kew. iii. 4o6 (1789). P. fastigiata, Desf. 
Hist. Arb. ii. 265 (1809). P. pyramidalis, Rozier, Dict. d’ Agric, 
vil. 619. P. pyramidata, P. Pannonica, P. Polonica of horticul- 
turists). LOMBARDY or ITALIAN PopPLAR. This tree is too 
familiar to need description. It differs from the typical black 
poplar (P. xigra) in its tall narrow growth, glabrous young 
shoots, a confirmed habit of suckering from the root and generally 
a more tapering base to the leaves. It is one of the characteristic 
trees of parts of Italy, and it is from one of the Italian provinces, 
Lombardy, that its common name is derived. The tree is prob- 
ably native in Asia, however. 
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The Lombardy poplar was much prized in this country a hun- 
dred years ago. John Kenrick established a commercial nursery 
of ornamental trees in Newton, Massachussetts, in 1797, and two 
acres were ‘‘devoted to the cultivation of the Lombary poplar, 
which was about the only ornamental tree for which there was 
any demand in those days.’’* It is probable that very few, if 
any, of the trees sold by Kenrick are still living, even in locali- 


~ ties where the climate is not 
¥ Vy severe; and this is evidence 

\ that the tree is short lived—a 
We fact which all careful observers 


must have noticed. 
3 A hardy type of the Lom- 
Y bardy is grown in the North- 
west. Professor Budd gives 

= the following account of it.f 

Roe ‘‘In the summer of 1882 
Mr. Gibb and the writer were 
surprised to find the Lombardy 
poplar in perfect health in 
P central Russia, where our 
American black locust, hon- 
ey locust and other trees 
killed down each winter as 
\) does the common peach in 
north Iowa. Our surprise came from the fact that Loudon in- 
clined to the belief that Populus dilatata [one name for the Lom- 
bardy Poplar] was native to the valley of the Po in Lombardy, 
from whence it came to England and America. But Russian bot- 
anists soon assured us that its home was in the east and that its 
hardiness varied like other species, and hence depended on the 
region from whence it was obtained. Under the name of Populus 
dilatata we imported the hardy kind from Voronesh, in central 
Russia. As this is 300 miles north of the sea of Azoff, from 
whence came the Russian Mennonites of Minnesota, I suspect 


zo. Lombardy Pop- 
lar. (% nat. size.) 


*Garden and Forest, i. 302. 
Rural Life, Aug. 31, 1893, p. 12. 
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that our importation is hardier than the one seen around St. Paul. 
We call it the Russian Lombardy. It is a much nobler tree than 
the variety from the Po valley, as its top is not so thin and spiry, 
and its foliage is thicker and darker. We have not talked about 
this poplar for the reason that its timber has no relative value. 
Yet it fills a place in landscape gardening not taken by any other 
tree.” 

The various merits of the Lombardy poplar—which is the most 
familiar tree of the genus—have been already discussed. It has 
been planted too freely, but it is gradually dying out in the east, 
and time will no doubt eliminate its offensiveness in the landscape. 
There is said to bea form of the Lombardy with variegated leaves, 
but I hope that it will not find its way into this country. A tree 
which is already over-bold would be impertinent with a painted 
foliage. ‘‘ Planted as it was a hundred, or even fifty years ago, 
in all possible situations, without regard to its surroundings or to 
the positions in which it was placed, it did more, perhaps,’’ says 
Garden and Forest, ‘‘ than any tree which has ever been planted, 
especially in some parts of Europe, to disfigure the landscape. 
There is no tree, however, which can take its place, or which can 
so quickly send up a tall, slender shaft to break a low or monot- 
onous sky line. It becamean unpleasant feature in the landscape 
only when it was used without judgment and without discretion.’’ 

Group II. AspENS and WHITE POPLARS, w7th short non-glu- 
tinous often pubescent buds. 

8. Populus Tremula (Linneus, Sp. Pl. 1034). EuROPEAN 
ASPEN. Figs. 11, 13.—An open-headed, light-leaved tree, 
common throughout Europe, and occasionally cultivated in this 
country, especially in its weeping form. Leaves small and thin 
round-oval, more or less whitened beneath, especially when 
young, bordered with deep and rounded incurved teeth. Leaf 
buds small, The leaf-stalks are long and slender and flattened, 
giving a restless motion to the foliage. 

The weeping form of the European aspen is perhaps the best 
weeping tree amongst the poplars. The spray is light, airy, and 
fountain-like, quite unlike the more common weeping forms of 
our native Populus grandidentata, which present a stiff weeping 
aspect, a combination which is rarely pleasing. The lightness 


230 BULLETIN 68. 


of the foliage 
of the Euro- 


‘ / y AEF pean aspen 
Rn apy, has been re- 
Ve [B eee by 
a writers from 
Koa i few the earliest 
[—"\ [2 times. -Ger- 
WZ arde, in 1597, 

() [A 


remarks that 

the tree ‘‘may 

also be called 

Tremble, after 

the French 

name, consid- 

i. Populus Tremula (% nat, size). ering it is the 

matter whereof womens tongues were made, (as the Poets and 
some others report) which seldome cease wagging.”’ 

A characteristic interest attaching to this tree is the profusion 
of very long catkins which appear in earliest spring, even before 
our native poplars 
are in bloom. They 


appear at Ithaca\ \ CR, 
late in March or the \ [ 
first of April. The ot ie ; 


staminate or male 
catkins are particu- e 
larly pleasing, and oe 
planters should se- BD 
lect that sex, if pos- ; 
sible. The illustra- * / 
tion on thenext page 
shows these inter- “BE 
esting flower-clus- 
ters nearly full size. 

9. Populus 


grandidentata 
(Michaux, F1. Bor.- 


72. Populus grandidentata. (% nat. size.) 
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Am. ii. 243(1803). P. Greca pendula, P. nigra pendula and Parasol 
de St. Julien of nurserymen). LARGE-TOOTHED ASPEN. Fig. 12; 
a, b, c, d, fig. 1.—This is a common native tree from Nova Scotia 
to North Carolina. It is distinguished from the European aspen, 
above, by much larger and thicker leaves which are bluish or 
rusty-white beneath, more ovate in outline, with larger and more 
spreading teeth, stouter leaf-stalks and larger leaf-buds. In its 


(f 

Lng 
SWI G 
ZIAD i ake 
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14. Populus tremuloides (2% nat. size). 


normal or erect form, it is rarely cultivated, but the weeping va- 
rieties, under a variety of names, are frequently seen. Most, and 
perhaps all of these varieties originated in Europe, where the tree, 
like the cottonwood and the common aspen, were early introduced. 
The habit of the tree is too stiff and the foliage most too heavy 
to make the best weeping subjects, however. One of the best of 
these weeping forms is that known as Parasol de St. Julien. The 
characteristic weak or zigzag winter twigs of the weeping varie- 
ties of this species are shown in Fig. 1. A is the form sold as 
P. grandidentata pendula, b is Parasol de St. Julien, and this 
twig shows a flower-bud midway. ‘These two forms, it will be 
seen, have a stiffer or straighter habit than the two following. C 
is the form sold as P. Greca pendula, and d the one called P. nigra 
pendula. 
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10. Populus tremuloides (Michaux, Fl. Bor.-Am. ii. 243 
(1803). £. trepida, Willd. Sp. Pl. iv. 803. P. Greca and 
P. Atheniensis of horticulturists). Common ASPEN or POPPLE. 
Fig. 14.—This is the commonest of the American poplars, and it 
ranges from Labrador to Kentucky, New Mexico and California. 
It is the species 
which springs up 


in recent clear- EE ag 


ings. In aspect ( 
it is much like the me 


European Aspen 
(P. Tremula), but 


the leaves lack en- " 
tirely the deep teeth ee 
of that species and SA 


ES 


ye 


they are green on 
the under side. The 
catkins are also 
smaller, and there 
are other botanical 
differences. There 
are no horticultural 
varieties of this 
species, so far as I 
know; but the 
plant is worthy at- 
tention from plant- 15. Populus Sieboldi (% nat. size). 

ers, as already indicated (page 208). 

11. Populus Sieboldi (Miquel, Ann. Mus. Bot. Lugd. iii. 
29. Ff. rotundifolia of American nurserymen). Fig. 15. A 
Japanese species with foliage somewhat like the last only much 
larger and whitish below. Professor Sargent says* that ‘‘this 
tree is not rare in southern Yezzo, where it grows to the height of 
twenty or thirty feet, springing up in considerable numbers on 
dry, gravelly soil.’’ The species is little known‘in this country. 
It makes a tree of spreading habit, with rather dark and heavy 
foliage. It appears to be hardy in western New York. 


- 


*Garden and Forest, vi. 404. 
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12. Populus alba (Linnzus, Sp. Pl. 1034 (1753). WHITE 
PopLAR, ABELE. A common European tree frequently planted 
in this country. Leaves much like those of Populus grandiden- 
fata, but smaller, usually thicker and more angular, the under 
surface—especially early in the season—woolly white. The 
straight, strong cylindrical winter shoots of this species and its 
varieties, with the very 
small buds, are shown at 
o, n, and m, in fig. I. 

The typical form of 
Populus alba is less 
grown here than the var- 
ieties with lobed and very 
white-bottomed (and 
occasionally variegated) 
leaves. 

P. alba, var. nivea 
(Wesmael, DC. Prodr. 
Xvi. 2d part, 324. P.nivea, 
Willd. P. argentea of 
nurserymen). ‘This is 
the commonest form of 
white poplar in this coun- 
try. It is known by the 
snow-white under surfaces of its foliage and the three or five 
lobed maple-like leaves. It is far too frequent about old yards, 
where its inveterate brood of suckers make it a perpetual nuisance. 
It is sometimes called Silver maple, from the resemblance of its 
foliage tothat of the maple. The tree is so obtrusive in its char- 
acter that it can rarely be used with good effect in home 
grounds. Asa street tree in cities it is particularly offensive for 
the cottony covering of the under side of the leaves and of the 
shoots holds soot and dust, and it looks repulsively dirty. Itis a 
misfortune that the tree were ever brought into the country, for 
few people appear to know how to make a considerate use of it. 

P. alba, var. canescens (Loudon, Encyc. 820). Fig. 16. 
Leaves broad or nearly circular in general outline, prominently 
notched but not lobed, the under surfaces and the young shoots 


16. Populus alba var. canescens ( *% nat. size). 
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very white-woolly. This tree is met with occasionally. Its hor- 
ticultural value is not greatly different from that of var. zzvea. 


P. alba, var. Bol- 
leana (Lauche, Woch- 
enschrift der Deutsche 
Garten, No. 32, Aug. Io, 
tage Doltleana, 
Lauche, l. c.). BOLLES’ 
POPUAR. oihig. 17... A 
very tall and narrow- 
topped tree, with cottony 
leaves rather more deeply 
lobed than those of the 
var. nivea. The tree 
was introduced into Eu- 
rope in 1875 from Turk- 
estan, and it was named for Dr. C. 
Bolle, an arboriculturist. The tree 
bears about the same relation to Popu- 
lus alba that the Lombardy poplar 
bears to Populus nigra. Its fastigiate 


habit combined with the white foliage 77. Populus alba var. Bolle- 


and shoots, make it a most emphatic 
tree and there is great danger of planting it 


INDEX TO SYNONYMS. 


Populus angulata = P. monilifera. 

Populus argentea = P. alba, var. nivea. 
Populus Atheniensis = P. tremuloides. 
Populus Bereolensis = P. laurifolia. 

Populus betulifolia = P. nigra. 

Populus Bolleana = P. alba, var. Bolleana. 
Populus Canadensis = P. monilifera. 

Populus canescens of some = P. alba, var. canescens. 
Populus canescens of some = P. nigra, var. 
Populus Carolina = P, monilifera. 

Populus Carolinensis = P. monilifera. 

Populus Certinensis = P. l\aurifolia. 

Populus crispa = P. balsamifera, var. viminalis. 


ana (% nat. size). 


too freely. 
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Populus dilatata = P. nigra, var. Italica. 

Populus Dudleyi = P. balsamifera, var. viminalis. 

Populus elegans = P. nigra, var. elegans. 

Populus Eugenie = P. nigra. 

Populus fastigiata = P. nigra, var. Italica. 

Populus glandulosa = P. monilifera. 

Populus Greca = P. tremuloides. 

Populus Greeca pendula = P. grandidentata. 

Populus Hudsonica = P. nigra, 

Populus Italica = P. nigra, var. Italica. 

Populus laurifolia of some = P. balsamifera, var. intermedia. 
Populus laurifolia of some = P. balsamifera, var. viminalis. 
Populus Lindleyana = P. balsamifera, var. viminalis. 
Populus macrophylla = P. candicans. 

Populus nigra pendula = P. grandidentata. 

Populus nivea = P. alba, var. nivea. 

Fopulus Nolestii = P. balsamifera, var. latifolia. 

Populus Ontariensis = P. candicans. 

Populus Pannonica = P. nigra, var. Italica. 

Populus Petrovski = P. \aurifolia. 

Populus Polonica = P. nigra, var. Italica. 

Populus pyramidalis = P. nigra, var. Italica. 

Fopulus pyramidalis suaveolens = P. balsamifera, var. viminalis. 
Populus pyramidata = P. nigra, var. Italica. 

Populus rotundifolia = P. Sieboldi. 

Populus salicifolia = P. balsamifera, var. viminalis. 

Populus Sibirica pyramidalis = P. balsamifera, var. intermedia. 
Populus trepida = P. tremuloides. 

Populus Van Geertit = P. monilifera. 

Populus viminalis = P. balsamifera, var. viminalis. 
Populus Wobsky = P. balsamifera, var. latifolia. 


COMPENDIUM. 


Landscape gardening is the embellishment of grounds in such 
manner as-to secure landscape or nature-like effects. The style 
of planting, therefore, should be free and easy, devoid of all for- 
malisms and unusual or forced effects. There should be broad 
open spaces of greensward and heavy masses, or groups, of trees 
and bushes ; and the heaviest plantings should be about the bor- 
ders of the place. Scattered planting of individual trees and 
bushes is fatal to good effects. ‘Trees which are simply odd or 
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curious introduce irrelevant and jarring effects, and they should 
never be made emphatic or prominent features of a place. ‘Trees 
of very unusual or striking character, as the Lombardy and Bolle 
poplars, must, likewise, be used with the greatest caution, and, 
above all, their formality and strangeness should not be enforced 
by planting them in rows, in rural places. 

The poplars are examples of trees which should be used only 
for secondary or incidental effects in landscape gardening, and 
never to construct the body or main features of the planting. 
Cheap trees produce cheap effects. 

The Lombardy poplar may be used to advantage now and then 
in a group of trees to add spirit and vigor; but it should rarely 
be seen as anisolated specimen. The tree is used indiscriminately, 
because it grows rapidly in all situations and because its oddity 
pleases many people. It isso much abused that its legitimate ~ 
value is obscured. 

The varieties of the white poplar or abele are, in general, even 
less desirable than the Lombardy. As ordinarily planted, they 
are immodest and ugly trees, especially the whitest varieties, and 
their use in farm yards, country cemeteries and all small places 
should be discouraged. 

Poplars which should be encouraged for ornamental planting 
are the common cottonwood, the common wild aspen, the normal 
or erect form of the large-toothed aspen, the Certinensis poplar, 
Populus elegans of the nurseries, and the Kuropean aspen. 

Poplars of particular value for shelter belts and timber are the 
Certinensis, cottonwood, balm of gilead, and possibly Populus 
Simonii. 

Species of rather heavy and dark foliage and strong growth, 
and which may be used for groups or masses, are the balm of 
gilead, Nolestii, and probably Populus Sieboldi and P. Simonii. 

Among the species and varieties which are interesting because 
of natural peculiarities and which may be used for incidental 
effects or as single specimens, are Populus angustifolia, various 
forms of the balsam poplar (especially the variety viminalis), and 
forms of the European black poplar. 

Weeping varieties are found in several species. The best is 
probably the drooping form of Populus Tremula, the European 
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aspen. ‘There are good weeping forms of the large-toothed aspen 
(Populus grandidentata), but they are apt to be too stiff for the 
best effects in a drooping tree. There are yellow-leaved or varie- 
gated forms of some species, of which the best is the variety of 
the cottonwood known as Van Geert’s golden poplar. 

The best single species of poplar for general planting in 
New York, is probably the common cottonwood or Carolina pop- 
lar (Populus monilifera). The second choice is the new Russian 
species known as Populus Certinensis (properly P. laurifolia). 

L. H. BAILEY. 


Cornell University—Agricultural Experiment Station. 


HORTICULTURAL DIVISION. 


BULLETIN 69— August, 1894. 


Load 


we 


HINTS ON THE PLANTING OF ORCHARDS. 


at hollo 


By L. H. Batzey. 


ORGANIZATION. 


Board of Control.—The Trustees of the University. 


STATION COUNCIL. 
President — JACOB GOULD SCHURMAN. 


EAN a LD VCE AUS ra ge rans nc. nous ele ease Trustee of the University. 
Hon. JOHN B. DUTCHER.... President State Agricultural Society. 
Pea RERUN yeseres ae ee a isyeleeeiese stlelt@ 0° Professor of Agriculture. 
ERO CE C220 DY O61 24 07 Uae Sie ane Professor of Chemistry. 
SEV MAO care scale age os 3 9'3 6 2.6 + Professor of Veterinary Science. 
2p (on 4 2) Be (IS Sn oA ee Professor of Botany. 
PHO MS MOOK, Mc Si. cits ace cca es Professor of Entomology. 
|S 1 Sa OS a eee ee Professor of Horticulture. 
EL MUNG era evens S05 che Assistant Professor of Dairy Husbandry. 


GL eAeRiNSON .:.... Assistant Professor of Cryptogamic Botany. 
OFFICERS OF THE STATION. 


Me PEERS ES ENEU IS 0 aslo ods cree he's wes.’ bie. m wate iets 6:6 caverns Sea Director. 
Pee SN VAMP TICAUVENS cass, ole arjs,ioval’e «dace ayers eereie’s 6 5 au ene eae Treasurer. 
ery eee ety Ls sida a ob ate o vee hs eee eee Clerk. 
ASSISTANTS 

Ee a SPOS G9 01 541 Pye We lB NS een Pere Ra Entomology. 
OG eC IVa SON A, ai. 2i)2 ok aa ks ong date oe ee Agriculture. 
cig nto eye Vs Gul UL Cis Ee rer ae Mk NEDA Chemistry. 
ESN 0G) 0 7.0 Ws ie a Sane oe ae FHlorticulwure. 


Office of the Director, No. 20 Morrill Hall. 


Those desiring this Bulletin sent to friends will please send us the 
names of the parties. 


BULLETINS OF 1894. 


62. The Japanese Plums in North America. 

63. Co-operative Test of Sugar Beets. 

64. On Certain Grass-Eating Insects. 

65. Tuberculosis in Relation to Animal Industry and Public Health. 
66. Test of Cream Separators. 

67. Some Recent Chinese Vegetables. 

68. The Cultivated Poplars. 

69. Hints on the Planting of Orchards. 


CORNELL UNIVERSITY, IrHaca, N. Y. ) 


AUGUST 15,1894. } 


THE HONORABLE COMMISSIONER OF AGRICULTURE, ALBANY. 
Sir: Isubmit the following suggestions on the planting of 
orchards for publication under Chapter 675, Section 87, of the 
laws of 1894. The information which is here presented is in al- 
most constant demand by the farmers of the state. 
Ld. -BALLEY:. 


THE EXPERIMENT STATION EXTENSION, 
OR NIXON, BILL. 


A law has been passed by the legislature and signed by the 
Governor, providing, amongst other things, an appropriation of 
$8,000 to be expended by Cornell University for the benefit of 
horticulture in the Fifth Judicial Department of the State—an 
area comprising the counties of Cayuga, Seneca, Yates, Steuben, 
and counties to the westward. This fund is to be expended “‘in 
conducting investigations and experiments in horticulture ; in 
discovering and remedying the diseases of plants, vines and fruit 
trees ; in ascertaining the best means of fertilizing vineyard, fruit 
and garden plantations, and of making orchards, vineyards and 
gardens prolific; in disseminating horticultural knowledge by 
means of lectures or otherwise ; and in preparing and printing, 
for free distribution, the results of such investigations and experi- 
ments, and such other information as may be deemed desirable 
and profitable in promoting the horticultural interests of the 
State.’’ This work is to be prosecuted by Cornell University 
‘‘ under the general supervision and direction of the Commissioner 
of Agriculture.”’ 

Owing to the lateness of the passage of the bill, few definite 
lines of experiment could be undertaken the present season, but 
efforts are making in investigating the conditions and enemies of 
fruits and gardens, and especially in collecting and publishing the 
actual results of spraying orchards and vineyards. It is desired 
that any person or community which suffers an outbreak of any 
serious enemy shall communicate the fact to the undersigned, and, 
if possible, an expert will be sent to make an investigation. The 
causes of the failures of apple orchards is now the subject of a 
special investigation, and any person who has made experiments 
in spraying or fertilizing apple trees should advise us of the fact, 
in order that the results may be incorporated in the final report. 
Experiments are also in progress in various places in the fertiliz- 
ing of orchard lands, and in other directions, the results of which 
will appear as they mature. 

L. H. BAILEY, Officer in Charge, 
ITHACA, Nile 


min To ON THE PLANTING OF ORCHARDS, 


It is presumed that the person who seeks the advice of this bul- 
letin, has fully decided what kinds of fruits he desires to plant, 
and that he has satisfied himself that his markets, location and 
soil are adapted to them. He then enquires about the methods 
of preparing the land, the manner in which the trees should be 
set and trimmed, and the best place to purchase the stock. It is 
these questions which are continually recurring and concerning 
which this paper hopes to give some advice. 

Preparation of land.—The soil in which orchards are set should 
always be in a thorough state of cultivation ; that is, whether in 
sod or in hoed crops, the land should be in good tilth or fine 
mechanical condition, fertile, and free from hard or ‘‘sour’’ 
places and pernicious weeds. There are exceptions to this rule 
in the case of certain rocky or steep lands upon which it is desired 
to set apples ; but for all orchards which are planted directly for 
commercial results, this advice has few, if any, exceptions. It is 
generally best to put the land into hoed crops the season before 
the trees are set, as potatoes or corn; although sod land, if well 
fitted and naturally in good heart, often gives excellent results 
when turned over and set at once to orchards. But most soils 
need the previous cultivation to bring them into a mellow and 
uniform condition. Many of the ‘bad places’’ in orchards, 
where trees die out the first two or three years, could have been 
discovered and corrected if the land had been devoted to one or 
several hoed crops, for the owner would have observed that they 
were too wet or too lumpy or had other serious defects. Lands 
look more uniform when in sod than when cultivated, and the 
farmer may be led to overestimate their value for orchard pur- 
poses. It may also be said that the familiarity with a particular 
piece of land which comes of frequent cultivation, enables the 
careful grower to judge accurately of its adaptability to particular 
fruits or even to special varieties. 
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Lands which have hard and impervious subsoils should be 
plowed very deep before trees are put upon them ; and in some 
cases, as for dwarf pears, it may pay well to use the subsoil 
plow. Lands which hold surface water and which remain cold 
and ‘‘sour’’ long after rains, should always be thoroughly tile- 
drained before trees are set; although it should be said that such 
lands are frequently unfit for orchards because of poor drainage 
of air as well as of water, and because the soil is likely to be 
hard and cloddy. It is undoubtedly true that tile-draining bene- 
fits all lands intended for orchards, but in the majority of cases, 
especially in rolling lands, it is a question if the labor and ex- 
pense is worth the while. Yet many rolling lands require drain- 
age because they have hard and tenacious subsoils which are 
near the surface. The clay lands upon which pears and plums 
thrive, give unusually good results if well underdrained. 

When to plant.—There is much difference of opinion as to the 
relative merits of fall and spring planting. My own opinion is that 
fall planting is generally preferable to spring planting upon thor- 
oughly drainedsoils, particularly for the hardy tree fruits, like ap- 
ples, pearsand plums ; and if the ground is in good condition and 
the stock well matured, peaches can sometimes be set in October 
with success. The advantages of fall planting are several. The 
trees become established during the open weather of fall and they 
usually make a start in spring before the ground is hard enough to 
allow of spring planting. This early start not only means a better 
growth the first season, but, what is more important, trees which 
get a very early hold upon the soil endure the drouths of midsum- 
mer much better than trees planted in spring. Planting is nearly 
always better done in the settled weather and workable soil of fall 
than in the capricious days and in the hurry of springtime; and 
the orchardist is free to begin cultivation at a time when he would 
otherwise be planting his trees. Again, it is generally better to 
buy trees in the fall, when the stock of varieties is full and when 
the best trees are yet unsold : these trees must be kept until plant- 
ing time, and it is about as cheap and fully as safe to plant them 
directly as to heel them in until spring. 

In fall planting, however, it is important to insist that the trees 
shall be thoroughly well matured. In order to move stock 
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quickly, it is the practice of some nurserymen to ‘‘strip’’ the 
trees before the growth is completed; that is, the leaves are 
stripped off, the growth stopped, and the trees are put upon the 
market for September deliveries. This process weakens the trees, 
and I am satisfied that many failures which I have seen in young 
plantations in the State, are attributable to this cause. Such 
trees may die outright, especially if set in the fall and a hard win- 
ter follows ; or they may live to make a dwindling growth for the 
first few years. Like early-weaned calves, they lack vitality and 
push. If I were setting an orchard in the fall, I should place my 
order for trees in August or September, if possible, with the 
express stipulation that the trees should stand in the nursery rows 
until the leaves begin to die and fall. In the meantime, I should 
endeavor to fit the land and dig the holes, so that when the trees 
arrive they can go directly into their places without delay or with- 
out the expense of heeling them in. Trees are mature enough to 
dig late in September or early in October in this State, depending 
upon the season, soil and variety. When the tree is fully mature, 
some of the leaves will still hold upon the vigorous shoots, and 
these are stripped off; but this stripping does no harm, for the 
young growth is then mature and it has a thick, strong, brown 
appearance which is quite different from the slender, soft and green 
branches of early-stripped trees. 

It should be said that there seems to be a tendency amongst 
nurserymen to urge fall planting in order to push sales; and 
there are many good planters who consider fall planting hazard- 
ous. It is true that unless the conditions are right, spring plant- 
ing is the safer course ; and farmers who have many fall crops to 
harvest, will also find more time for tree setting in the spring. 

Distance apart.—Trees are oftener set too close together than 
too far apart ; in fact, the latter error scarcely exists. Trees are 
wide feeders; and the best results are obtained when each tree 
stands far enough from its neighbors to allow it to possess an in- 
dividuality all its own. An additional reason for sparse planting 
has lately become important,—the necessity of spraying for insect 
and fungous pests ; and for this reason, as well as to allow of better 
cultivation, the outside rows should not be set close to fences. 
The distance at which trees may be set, depends much upon the 
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system of pruning. If heading-in is followed vigorously and sys- 
tematically, trees may be set a third nearer than if allowed to 
take their natural form. Heading-in should always be practiced 
with dwarf pears, and many of our best growers pursue it with 
peaches, plums and quinces. For myself, I have always advised 
thin planting as the safer rule for the majority of cases. The 
following table may be supposed to represent the outside average 
limit for the planting of orchards, when the trees are allowed to 


take their natural form : 
Apples, 


40 ft. each way. 


Pears, standard, 20 to 25 ft. 
Pears, dwarf, 12 ft.-to 2 fod: 
Quinces, I rod. 
Peaches, 20 ft. 

Plums, 2Ouit: 
Apricots, 20 ft. 

Grapes, 6x8 to 8xIo. 
Currants, 4x6 to 6x8. 
Blackberries, 4x7 to 6xg. 
Raspberries, 3x6 to 5x8. 


These are safe distances. In certain cases, however, where the 
soil is strong and the grower makes thorough work of cultivat- 
ing, pruning and fertilizing, these distances can be reduced some- 
what with profit, except in the case of apples. These remarks 
will also apply to the common question whether it is good policy 
to plant shorter-lived trees, as peaches, between apples and pears. 
It all depends upon the man. In general, I should discourage it ; 
but if the orchardist gives the very best attention to fertilizing 
and cultivating, plantations can be mixed with good results. 

How to plant the trees.—Pilow the land and fit it well. As all 
orchards should be put into cultivated crops for the first two 
years, at least, it will generally be found advisable to plow the 
entire area before the orchard is set, rather than to plow strips 
where the trees are to go, for the land can then be shaped better 
with reference to surface drainage and general convenience. ‘The 
trees should be set neither in dead-furrows nor on back-furrows. 
Level culture should generally be adopted from the start, unless it 
is necessary to displace surface water ; and in that case it may be 
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questioned if the land is fit for an orchard. In all ordinary soils, 
holes must be dug by hand for the tree fruits. Plowing outa 
deep furrow in the line of the rows may lessen the digging and 
aid in getting the trees in line. The hole should be dug broad 
and ample; and the harder the soil the larger ought the hole to 
be, for in that case the loose dirt which is filled in must give the 
tree its start. In loose and deep soils, the hole need be no larger 
than the spread of the roots. Chop up the soil in the bottom of 
the hole, or throw in a few shovelfuls of loose surface earth. The 
tree should be set an inch or two deeper than it stood in the nur- 
sery, for the loose earth will settle and wash away in the course 
of the season, even if it is well packed when the tree is set. 
Dwarf pears should be set from three to six inches below the bud. 
The roots are trimmed, as explained furtheron. Every care must 
be exercised to get the soil thoroughly firmed in about the roots— 
which are straightened out in approximately their natural posi- 
tion—and especially under the crown or fork of the roots, in order 
that no air spaces may be left to dry out. This dirt can be best 
placed by fingering it in, moving the tree gently up and down at 
the same time. Once or twice in the progress of filling the hole, 
_ the earth should be stamped down. Fill the hole to a little more 
than level full to carry off surface water, but be careful that no 
hollows are left close about the tree into which water can settle, 
especially when planting in the fall. Stamp the earth very firmly 
about the tree before leaving it, for the double purpose of retain- 
ing moisture and of holding the tree against winds. All this 
operation of tree planting can proceed to perfection only when the 
earth is dry enough to crumble. Trees cannot be well planted 
in wet and sticky soil. 

If the trees are set according to these directions and the tops 
are cut back as explained farther on, there will rarely be any 
necessity for staking and tying the trees to keep them plumb. 

Mulches of straw or manure are sometimes advised for newly 
set trees. For trees planted late in spring and upon drouthy 
soils, a light mulch about the tree may be advised ; but in other 
cases it is not. If mulches are applied to fall-planted trees, care 
must be taken to tramp them down well or they may become a 
nesting-place for mice, which will girdle the trees if there are 
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heavy snows. There are those who favor placing a forkful of 
manure in the bottom of the hole, but this is a practice of doubt- 
ful value; and, at all events, the manure should be well mixed 
with the soil-to prevent drying out. 

Making the rows straight.—It is difficult to make the rows 
straight in large areas, especially on rolling ground. I have had 
areas regularly surveyed with chain and compass and a stake set 
for every tree, but the orchards were as crooked as others set 
with much less*care. The surveyor sets his stakes by sighting 
across the field from certain fixed points; but it is difficult for 
the planter, when the stake is removed and the hole dug, to 
stand the tree in the exact place of the stake. It is better to 
regard the trees as stakes and to set them by sighting. The area 
can be ‘“‘run out’’ on two or three of the sides, a conspicuous 
stake being set at the location of each tree on these outside rows. 
If the field is large or rolling, it may be necessary to set one or 
two lines of stakes across the center of the field also. For areas 
of a few acres, I have found a garden-line stretched across the 
field to be a great help and to save much time. This line is 
moved at either end to the adjoining row, as soon as one row is 
set alongside it. I have sometimes tied conspicuous strings on 
the line at the given intervals between the trees, expecting to set 
a tree at every knot, but with the stretching of the line, and 
other sources of error, it is nearly impossible to get the trees 
straight in this manner, and the cross rows must be kept in line 
by sighting. 

Mr. L. T. Yeomans, of Walworth, Wayne Co., one of the most 
successful fruit-growers in the State, gives me his method of 
marking out an orchard: ‘‘The plan which we have always 
used is simple and very effective. I have seen rows of apples 30 
rods in length so straight that one could not see a pitchfork han- 
dle held upright in the row, and which rowed as straight diagon- 
ally asin the square. To plant an orchard of considerable size, 
provide straight sticks about four feet long (common lath are very 
suitable); whitewash about one-half of their length on both sides. 
Measure the distance on the outside of the boundary rows around 
the field, setting a perpendicular stake at the distances you desire 
the rows apart; then set an intermediate row of stakes across the 
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middle of the field each way by having one person set the stake 
while another person sights him from a stake at the side of the 
field to the corresponding stake at the opposite side. Nostake or 
row of stakes should be set where a tree or row of trees will come. 
Thus the entire orchard may be planted without removing a stake 
and the rows must be straight if the man who plants the trees has 
a ‘good eye.’ Any man after a little showing, can dig holes in 
the proper places by sighting in two lines at right angles from 
himself in the direction in which there are two stakes in line, as 
will always be the case wherever he may bein the field. If the 
ground is very uneven, or the field very large, more than one 
intermediate row of stakes will be useful.”’ 

Trimming the trees.—There is much difference of opinion as 
to the best method of trimming trees when they are set. So far 
as the root is concerned, it is advisable, in the North, to cut away 
only those roots which are broken or badly torn. These should 
be cut off just back of the injury. It is the custom to cut off the 
ends of all roots of the size of a lead pencil or larger, for a clean 
smooth wound is supposed to heal quicker than a ragged one. 
These cuts are made from within outwards, so that the wound is 
more or less slanting across the roots and so that it rests firmly 
upon the ground when the tree is set. When the tree is planted, 
all the roots should be straightened out to nearly or quite their 
normal position. If it is found that one or two roots run off to 
an inordinate length, they may be cut back to correspond some- 
what with the main root system. 

Perhaps half the entire root system of the young tree is left in 
the ground when it is dug. It is therefore evident that the top 
should be cut back to a corresponding amount. In fact, the top 
should be more severely shortened in than the root, because the 
root, in addition to being reduced, is also dislodged from the soil, 
with which it must establish a new union before it can resume the 
vital activities. Trees which are allowed to carry too much top 
when planted, may fail to grow outright ; or if they start, they 
are very likely to be overtaken by the drouths of summer. Even 
if they live, the growth is generally small and uncertain, and the 
tree may fall a prey to borers or a victim to high winds. On the 
other hand, I am convinced that trees are sometimes trimmed too 
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severely when set. Except possibly in the case of peaches, I 
think it generally unwise to trim the trees toa mere pole ; and 
with peaches, I think it better to leave spurs with at least one 
bud than to trim toa whip. There should be a number of strong 
bright buds left upon the top, for these are the points where early 
and active growth begins. These buds are upon strong branches. 
If they are removed, the weaker or half 
dormant buds upon the main trunk or low 
down in the crotches, must take up the 
work, and these start slowly and often 
feebly. 


There are two gener- 
al methods of trimming 
the tops of young 
trees at planting time. 
One method cuts back 
all the branches to 
spurs of from one to 
three buds; or some- 
times, particularlywith 
dwarf pears set when 
two years old, the side 
branches may be cut 
entirely away, leaving 
only the buds on the 
main stem or trunk. 
The tree therefore 
‘“ feathers: out. thie 

c3 Za-=== first season ; that is, it 52 
1. Yearling Peach Tree. makes many small? Peach tree, pruned. 


shoots along the main trunk. ‘The following fall or spring, the 
top is started at the desired height. Fig.1 shows a peach tree 
as received from the nursery, and Fig. 2 the same tree, trimmed 
in this manner, ready for planting. This method is the one 
generally best adapted to the peach, which is always set when a 
year old; but for other fruits, unless the trees are slender and. 
without good branchy tops, it is doubtful if it is the best practice. 
If the bodies are thought not to be stiff enough, this manner of 
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trimming may be used to good advantage. The main shoot 
should usually be headed back in this as inall styles of trimming, 
in order to make the trunk stocky. 

The second method aims to start the top at the required height 
when the tree is planted. It is adapted only to strong and welk 
grown stocks which have a more or less 
branching and forking top. From three 
to five of the best branches are left, and | 
these are headed back toa few buds each, 
Fig. 3 shows a pear tree, trimmed in 
Fig. 4, and the illustration may be 
considered to represent a good example 
of its class. Many of our best planters 
prefer the spur system 
for all trees, and there 
are some who would 
trim all newly set trees 
to a straight whip; 
but there is much to 
be said for this last 
method, and I have 
used it many years 
with uniform success. 

It may be said in 
general, then, that 
peach trees and small 
or slender trees should 
be well headed back 
and spurred (Figs. 1, > Ss 
2); but that strong, eae is 
on branched Pe a aaa. Baier oo 
may have the head 
started at the desired height at the time of setting, all the branches. 
being well headed back (Fig. 3 and 4). 

The trees may be trimmed before they are planted, although I 
prefer to do it just after they are set, especially if the tree is. 
trimmed after the method of Fig. 4, for one can then better esti- 
mate the proper height, the operation is easier done, and there is: 


t 
iN 
j 
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no further danger of breaking off the limbs by the handling of 
the tree. One foot is planted firmly at the base of the tree, and 
then with one hand the branch to be removed is bent upwards 
and with the other the knife is applied to the under side and the cut 
is made neatly and easily (Fig. 5). Never cut downwards on a 
limb, for a ragged wound nearly always follows. 

Buying the trees.—I have already said that it is best, when it 
can be done, to order trees late in summer or early in the fall, if 
one expects to plant an orchard. 
Buy where the best trees can be 
obtained, and where there is good 
reason to expect reliable stock and 
honest dealing. While one should 
endeavor to secure low prices, it 
should be remembered that nursery 
stock should never be purchased 
simply because it is cheap. Poor 
stock isdear asa gift. Yet farmers 
who annually plant a few trees and 
who buy of agents, often pay ex- 
orbitant prices. Ina certain town 
last spring, farmers were paying 28 
cents apiece for peach trees in lots 
of a dozen, while any reliable nur- 
sery would have been glad to have 
supplied the same varieties at $8.00 
per hundred, at the nursery. 

Plums which should have sold 
for 15 ceuts 10 20 cents apiece were selling to farmers for 50 and 
60 cents apiece. The man who seriously expects to plant an 
orchard for profit, will not be led into any wild scheme or new 
varieties by agents. He will generally buy directly of the near- 
est nurseryman who can supply the desired stock and varieties at 
the prices which suit him. Some nurserymen employ regular 
and reliable agents, and such agents carry a certificate from the 
firm they represent. But while these salesmen may be perfectly 
straightforward and may be the best channels through whom 
small orders can be secured by those who are uninformed in 


5. Pruning a young tree. 


6. Apple (Hubbardston) and Peach (Elberta) trees of first, second and third 
class respectively. Apples (at the left) two years old; 
peaches, one year old. 
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pomological matters, I should advise all persons who expect to 
go into fruit growing seriously to buy directly of the nurseries. 
But it must always be remembered that the tree agent has been the 
means of clothing the country with fruit trees. and of thereby 
adding much to the contentment of farm life. 

The buyer should make up his mind just what varieties he 
wants and then find the nursery which has them, and order early 
enough to get them. There is then no occasion to consider the 
vexed question of substitution of varieties. If the varieties are not 
in market, buy stocks of some strong growing staple variety, and 
after these are established—usually the same summer or the follow- 
ing spring—bud or graft over the tops to the desired varieties. 

It is generally best to buy first-class trees,—those which are of 
medium size for their age, shapely, stocky, with straight clean 
trunks, which are not stunted and are free of borers and other 
injuries, and, in the case of budded trees, those in which the 
union is very-near the ground. In dwarf pears, especially, it is 
important that the stock, to be first-class, shall be budded very 
low. The accompanying sketch (Fig. 6) shows trees of apple 
and peach of first, second and third class. These are New York 
grown trees, the apples two years old from buds. It is often 
thought that large size is of itself a great merit in a nursery tree, 
but this is an error. Vigor, straigthtness, stockiness, firm hard 
growth, are much more important than bigness. The toughest 
and best trees are usually those of medium size. 

The age at which trees should be bought must be governed by 
circumstances and by variety. There is a general tendency to 
buy trees too old rather than too young. When varieties are new 
and scarce, it may be economy to buy young stock. This will, 
no doubt, be true of Japanese plums the present year, and good 
yearling trees will give excellent results. Less vigorous kinds of 
plums would not be so satisfactory at this age. Some of the freer. 
growing apples and pears are large enough when two years old, if 
grown from buds; but these fruits are usually set at three years 
trom the bud or graft. Dwarf pears may be set at two or three years, 
preferably, I think, the former age. Quinces are set at two and 
three years. Peaches are always set at one year from the bud. 

After care.—Always cultivate the orchard thoroughly and fre- 
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quently for at least the first two years after planting. Sowed 
crops should always be avoided in young orchards. Oats is the 
worst crop which can be used, for it stands on the ground longer 
than wheat and pumps out the moisture at a time when it cannot 
be spared ; and in all sowed crops there is no conservation of 
moisture by cultivation. It should also be said that trees in 
wheat, oats or barley are not seen so frequently as those in culti- 
vated crops, and borers, tent-caterpillars, accidents by winds, and 
other injuries, are not so soon detected. The man who hopes to 
raise an orchard and grain on the same ground, had better leave 
the orchard unplanted. 

With tender trees, like the peach, and particularly on moist 
lands, cultivation should generally stop a month before heavy 
frost is expected, in order to allow the wood to mature. A good 
crop for such cases is early potatoes. Corn or any vegetable crop 
is also suited to a young orchard. 

Watch the trees carefully for borers. The most .serious borer 
in newly set trees is often the flat-headed species which works 
under the bark, especially where it is exposed to the sun, as upon 
any crook or elbow of the tree which may, unfortunately, have 
been turned to the south in setting the tree. Tent-caterpillars 
may be expected in June and fall web-worms late in the season. 
In the fall, see that no litter in which mice can nest, is allowed to 
lie about the trees. It will not be necessary to hill up the trees 
for winter protection in land which does not heave, although it is 
well to have the ground slope gradually away from them in order 
to carry off surface water; and if there is any danger of mice, 
because of refuse grass or litter about the trees, hilling of the 
trees will generally prevent injury. Mice are effectually repelled 
by a strip of tarred paper rolled lightly about the base of the tree. 

The subsequent care of the orchard is a matter which must be 
determined for each individual case, and it is not the province of 
this essay to deal with it. A later bulletin (No. 72) will be 
devoted to that subject. 


L. H. BATRA. 
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THE HONORABLE COMMISSIONER OF AGRICULTURE, ALBANY, 
Sir: I herewith submit to you, for publication under Chapter 
675, Section 87, of the laws of 1894, a sketch of the Native 
Dwarf Cherries, a type of fruits which it is proposed to employ in 
the utilization of certain waste lands in Western New York. 
1... BAILEY. 


THE EXPERIMENT STATION EXTENSION, 
OR NIXON, BILL. 


A law has been passed by the legislature and signed by the 
Governor, providing, amongst other things, an appropriation of 
$8,000 to be expended by Cornell University for the benefit of 
horticulture in the Fifth Judicial Department of the State—an 
area comprising the counties of Cayuga, Seneca, Yates, Steuben, 
and counties to the westward. This fund is to be expended ‘‘in 
conducting investigations and experiments in horticulture; in 
discovering and remedying the diseases of plants, vines and fruit 
trees ; in ascertaining the best means of fertilizing vineyard, fruit 
and garden plantations, and of making orchards, vineyards and 
gardens prolific; in disseminating horticultural knowledge by 
means of lectures or otherwise ; and in preparing and printing, 
for free distribution, the results of such investigations and experi- 
ments, and such other information as may be deemed desirable 
and profitable in promoting the horticultural interests of the 
State.’’ This work is to be prosecuted by Cornell University 
‘‘ under the general supervision and direction of the Commissioner 
of Agriculture.”’ 

Owing to the lateness of the passage of the bill, few definite 
lines of experiment could be undertaken the present season, but 
efforts are making in investigating the conditions and enemies of 
fruits and gardens, and especially in collecting and publishing the 
actual results of spraying orchards and vineyards. It is desired 
that any person or community which suffers an outbreak of any 
serious enemy shall communicate the fact to the undersigned, and, 
if possible, an expert will be sent to make an investigation. The 
causes of the failures of apple orchards is now the subject of a 
special investigation, and any person who has made experiments 
in spraying or fertilizing apple trees should advise us of the fact, 
in order that the results may be incorporated in the final report. 
Experiments are also in progress in various places in the fertiliz- 
ing of orchard lands, and in other directions, the results of which 
will appear as they mature. 

L. H. BAILEY, Officer in Charge, 
IrHaca, N. Y. 


THE NATIVE DWARF CHERRIES. 


Two years ago, in Bulletin 38, I published an account of the 
native dwarf or bush cherries which are grown or recommended 
for fruit. The information collected at that time was necessarily 
indefinite and imperfect. In the meantime, I have been able to 
make a more thorough study of the subject, both from fruiting 
plants upon our own grounds and through the aid of various per- 
sons who are interested in these novel fruits. It may be said at 
the outset that a fruit of the type of the bush cherry is not des- 
tined to fill a large place in the general fruit-growing of the East 
for many years to come, if, indeed, it ever does ; but for special 
purposes, particularly for very light and arid soils and other try- 
ing situations, and for cultivation as a bush fruit between larger 
trees, the type, when further developed, certainly has many points 
of merit. It is this prospective value of these plants, as well as 
the answering of many inquiries awakened by the advertisements 
of them, which may give some service to the present paper. 

It is first necessary to correct some errors in my former account. 
It was there said that weeping and variegated-leaved forms of our 
common dwarf or sand cherry (Prunus pumila) arein cultivation 
for ornament. The plants so named by nurserymen, however, 
are forms of the ground or dwarf cherry of Europe and Northern 
Asia, Prunus Chamecerasus, which is the Old World representa- 
tive of our sand cherry. The cherry sold by nurserymen as 
Prunus Japonica pendula—and so figured by myself in American 
Garden for July, 1891, page 404, figure 7—is the same European 
species. I believe that I made an error, also, in saying that the 
woodland or mountain dwarf cherry of the East (Prunus cuneata 
of Rafinesque) is in cultivation fo. ornament. I have not yet 
been able to find cultivated plants which I could certainly refer to 
that species. 

1. Zhe Sand Cherry.—The dwarf fruit-bearing cherries now 
grown or recommended in this country, belong to three species 


260 BULLETIN NO. 70. 


or types. Of these, the best known is the common dwarf or 
sand cherry of the East, Prunus pumila,* which grows chiefly 
upon sandy and rocky shores from northern Maine to the District 
of Columbia and northwestward to Lake of the Woods. It is 
particularly common along the Great Lakes, where it often grows 
‘in drifting sand. ‘The young plant is strictly erect, but as it be- 
comes older the base or trunk becomes reclined and often covered 
with sand; but the young growth maintains its erect character. 
The plant has long and narrow, sharply-toothed leaves and a 
willow-like habit. 

This sand cherry is variable in its wild state, especially in its 
fruit. Asarule, the fruit is small and very sour and scarcely 
edible, but now and then one comes upon a bush which has fruit 
of pleasant flavor and as large as small Early Richmond 
cherries. The illustration, Fig. 1, shows the ordinary type of 
fruit of the sand cherry, natural size. The fruit is ordinarily 
black, always without bloom, and in this latitude ripens late in 
July and early in August. The fact that the plant grows in the 
lightest of sand, suggests its use for poor or arid regions which 
are present in most states and upon which few or no crops can be 
grown with profit. 

This sand cherry was advertised in the Midway Plaisance at 
the World’s Fair last year by Martin Klein & Co., of Detroit. 
The plant was said to have probably come from Japan, but it was 
the ordinary Prunus pumila of our eastern states. The plant was 
recommended chiefly, it seems, for some medicinal virtue which 
was said to reside in its red roots, although its merits as a fruit 
plant were not overlooked. 

Unfortunately, there are no named varieties of this sand cherry 
upon the market, and very little attention has been given to it by 
experimenters. It has less merit as a fruit plant than the next 
species, but it is nevertheless worth attempts at improvement. 

2. The Western Dwarf Cherry.—The second species of dwarf 


* PRUNUS PUMILA, Linnzeus, Mantissa, 75 (1767). 

Prunus Susquehane, Willd. Enum. 519 (1809). 

Prunus depressa, Pursh, Fl. Am. Sept. 332 (1814). 

Prunus incana, Schweinitz, Long’s Exped. by Keating, ii. 387 (1824). 
See Bull. 38, pp. 62, 63. 
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or bush cherry is the one which grows upon the plains from 
Manitoba to Kansas, and westward to the mountains of Colorado 
and Utah, and for which I now propose the name Prunzs 
Besseyt,* in honor of Professor Charles E. Bessey, of the Univer- 
sity of Nebraska, who has several times called attention to the 
horticultural merits of the fruit. This fruit is in cultivation as 
the Improved Dwarf Rocky Mountain cherry, introduced in 1892 
by.Charles E. Pennock, of Bellvue, Colorado.+ It is also the one 
which has received attention at the Minnesota Experiment Sta- 
tion and at other places in the Northwest. This species is a 
dwarfer and more compact and bushy plant than the sand cherry, 
and it has a denser and better foliage. The cherries are frequent- 
ly as large as those of the Early Richmond and are often very 
palatable. ‘The fruits are variable in shape, from nearly globular 
to oblong-pointed. It is from this species that the best results 
are to be expected in a horticultural way ; and from the fact that 
it grows over such a great area of the interior plains, I expect 
that it will be found to adapt itself to our most trying soils and 
situations. I am now completing arrangements to make a con- 
siderable plantation of it upon certain sandy barrens in this 
State, along with huckleberries and other novel types of fruits. 

I do not know the full natural range of this western dwarf 
cherry. I have it growing from seeds obtained in Manitoba, and 
the plants are almost creeping in habit, the tips rising scarcely 


* PRUNUS BESSEYI; distinguished from P. pumila by the following char- 
acters: spreading or diffuse bush, the branches not strict, forming a sym- 
metrical shrub 3 or 4 ft. high, or sometimes prostrate and the highest shoots 
rising only 18 in.; leaves spreading in habit, elliptic or elliptic-oblong, much 
broader and thicker than in P. pumila, with more oppressed teeth, rounded 
or abruptly contracted above, the petiole short and stout ; stipules on strong 
shoots (see cut on title page) very prominent, green and leaf-like, often 
longer than the petiole,serrate; fruit nearly twice larger than that of P. pumia, 
on shorter and thicker peduncles, often bitterish and astringent (sour in /. 
pumila), but in some forms palatable, black, mottled or yellowish. The 
spreading bushy habit of the plant contrasts well with the strict and willowy 
young growth of P. pumila. Prunus Besseyi is well illustrated in Fig. 2, 
Plate I (Rocky Mountain Cherry) and in the title-piece (from Brown Co., 
Nebraska) ; P. pumila is shown in Figs. 1, 4 and 5. 


+ Annals Hort. 1892, 159. 
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more than a foot. This habit is common upon the plains of 
Nebraska, I judge, from Professor Bessey’s accounts, although 
plants which I have grown from seeds which he has furnished me 
from several places in that State, are more erect and are not dis- 
tinguishable from the bushy form introduced from Colorado by 
Mr. Pennock. But old plants become more diffuse or even pros- 
trate and may eventually cover a space of ground several feet 
across. ‘The illustration upon the title-page shows one of my 
seedlings, natural size, grown from seeds from Brown County, 
Nebraska. Fig. 2, in Plate I, is the Improved Dwarf Rocky 
Mountain cherry, of Pennock, natural size. This latter plant is 
the only named variety of the species in cultivation, so far as I 
know. ‘This variety was grown from seeds obtained upon the 
Cache la Poudré River, Colorado.* Plants were set at Ithaca in 
1892, and in 1893 and 1894 they bore full crops. The cherries 
ripen along with the sand cherry (Prunus pumila), and they 
generally have a tender pulp and pleasant aromatic flavor ; but 
one of our plants bears fruit with a very astringent skin. As 
soon as larger-fruited varieties shall appear, this cherry must 
attract the attention of planters. It is hardy and vigorous, and 
seems to be very productive. Professor S. B. Green, of the Min- 
nesota Experiment Station, writes that he has ‘‘ raised probably 
five thousand seedlings in the last four years and has seen many 
seedlings on the grounds of the Jewell Nursery Co., at Lake City, 
Minn. Among these I have seen many that produced very good 
fruit, but I have not yet selected the one which I shall propagate. 
I have attempted quite a number of hybrids between it and 
Prunus Americana but have so tar failed to get one that I felt 
sure represented both species. It is a very good stock for the 
P. Americana. It suckers very freely the first season but when 
the graft or bud gets a good start there is but little trouble from 
this cause. The Russian cherries bud on it fairly well, but do 
poorly when grafted. I think the round fruits are much more 
often of good quality than those having a pointed apex.’’ 

3. Utah Hybrid Cherry.—The third dwarf cherry is that known 
as the Utah Hybrid, the origin and botanical characters of which 


* For fuller history, see Bull. 38, p. 60. 


PLATE. f. 


Fic. 1.—Sand cherry (Prunus pumila). Natural size. 


Fic 2.—Rocky Mountain Dwary cherry (Prunus Besseyt.) Natural size. 


PLATE tt 


Fic. 3.—Utah Hybrid cherry (Prunus Besseyi « P. Watsoni). Natural size. 


Fic. 4.—Twig-blight or Monilia, on Fic. 5.—Fruit-pockets on Sand cherry. 
Sand cherry. 
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have never been made out; but the following account will, I hope, 
clear up the subject. All botanical evidence goes to show that 
the plant (see Fig. 3, Pl. II) is a hybrid of Prunus Besseyt and 
the sand plum, P. Watsonz .** and its history, which I shall now 
relate, bears out this statement. The Black Utah Hybrid cherry, 
—which, I think, is the one now in cultivation,—originated with 
J. E. Johnson, now deceased, at Wood River, Nebraska, on or 
near the Platte river, probably sometime in the sixties. Mr. 
Johnson grew native dwarf cherries and sand plums in his gar- 
den. Seeds of these cherries were sown. Only one tree of the 
original batch of cherry seedlings was considered worthy of 
attention, and this tree was propagated. Mr. Johnson soon 
afterwards moved to Utah, from whence, it appears, he distributed 
this variety as the Utah Hybrid cherry, There is no species of 
plum or cherry known to which this Utah Hybrid can be referred, 
and it is probable that it is a natural hybrid between the cherries 
and plums growing in Mr. Johnson’s garden. It is an almost 
exact intermediate between the western dwarf cherry and the 
sand plum. The fruits are cherry-like in form and in the char- 
acter of the pit, but they have the ‘‘bloom’’ of the plum. Fig. 
3, Plate II, shows the Utah Hybrid natural size, as grown upon 
our grounds this year. It is a very handsome fruit of deep ma- 
hogany color, with a light plum-like bloom, ripening about the 
first of August at Ithaca. The quality is poor. The flesh is soft 
and juicy and rather pleasant, but it lacks body ; and the skin, in 
our specimens, is very bitter. The pit is very like that of Prunus 
Besseyi. "The plant is a tree-like bush, three or four feet high, 
with a tendency, evidently derived from the sand plum, to make a 
zigzag growth of shoots. The foliage has every appearance of 
being a combination of the dwarf cherry and the sand plum. The 
leaves are slightly trough-shaped or conduplicate as they hang on 
the plant, while those of the sand plum are strongly conduplicate 
and those of the cherry are perfectly flat. In outline, the leaves 


*Prunts WATSONI, Sargent, Garden and Forest, vii. 134 (Apr. 4, 1894). 
This is the Sand plum of Kansas and Nebraska. It is allied closely to the 
Chickasaw plumis, but is a bushy shrub, 3 to 5 feet high. I have grown the 
plant for several years, and had given it a name; but Professor Sargent 
anticipated me in the publication. 
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are oblong-ovate. They are dull glossy above and much reticu- 
lated beneath, with rather coarse obtuse serratures, and a firm, 
thick texture. 

The Utah Hybrid Cherry, as I have grown it, appears to pos- 
sess no immediate value, because of the poorness of its fruit ; 
but the tree is hardy and productive, and it indicates that there 
may be combinations of dwarf plums and cherries which shall 
have distinct horticultural merits, particularly for dry or arid soils 
and trying situations. It also shows how evanescent is the line 
of demarcation between the cherry and the plum. 

Fortunately, we seem to have direct evidence that dwarf cher- 
ries and plums will hybridize. Mr. C. W. H. Heideman, of 
New Ulm, Minnesota, has been at work nearly ten years in 
endeavoring to secure crosses of Prunus hortulana (as the Miner) 
upon Prunus Besseyt, with good success. He informs me that all 
his pollinations are made upon emasculated and protected flowers. 
He has made some 500 distinct crosses, some of them with pollen 
of Prunus Americana, but the issues of this latter combination 
“are all very weak and I am afraid,’’ he writes, ‘‘ that they will 
not pull through.”’ It is yet too early to determine what the 
practical results of these crosses will be, but I am looking for 
something useful for the Northwest and for many of the dry lands 
of New York State. 

Although these dwarf cherries are yet scarcely in actual culti- 
vation, it is evident that they are seriously attacked by fungous 
enemies. Upon our own plants this year, both of the sand cherry 
and the western dwarf cherry, the twig blight wascommon. The 
illustration in Plate II (Fig. 4) shows a shoot, the upper portion 
of which is wilted, and upon which the leaves were uniformly 
brown and dead. As the cherries approached maturity, many of 
them decayed. Both these troubles are due to one fungus known 
as the fruit-rot fungus or MWonzlia fructigena. It is the same dis- 
ease which causes the similar injuries upon the peach, as well as 
the rotting of cherries and plums; and itis probable that thorough 
spraying with Bordeaux Mixture before the leaves appear and 
during the early period of growth will keep it in check. 

The second disease, shown in Fig. 5, is the fruit-pocket (Exoas- 
cus communis,) which occurred this year upon our sand cherries. 
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This fungus attacks the fruits chiefly, causing them to swell into 
great irregular hollow bodies, as seen in the illustration. We do 
not know as there is a specific for this disease, but it is not likely 
‘to be generally serious. 


SUMMARY. 


We have found that the dwarf cherries now recommended or 
sparingly grown for fruit, are of three types,—the sand cherry 
of the northeastern States (Prunus pumila); the western dwarf 
cherry of the trans-Mississippi region (Prunus Besseyi); and 
the Utah hybrid cherry (Prunus Besseyi x P. Watsonz). 

The Sand Cherry grows naturally along the great lakes to the 
Lake of the Woods, and along rivers and lakesin the northeastern 
states. It is in cultivation for ornament, but there are no im- 
proved fruit-bearing forms. The fruit is generally about a half 
inch in diameter, black or nearly so, and variable in quality. It 
gives evidence, in its native state, of being worthy of improve- 
ment as a fruit plant. 

The Western Dwarf Cherry grows upon the plains beyond the 
Mississippi, and extends into the mountains of Colorado and Utah. 
It is the species to which greatest attention has been given as a 
fruit-bearing plant, and it certainly possesses great promise when 
further improved. The form known as Improved Dwarf Rocky 
Mountain Cherry is worthy of trial. 

The Utah Hybrid Cherry appears to be a hybrid of the West- 
ern Dwarf Cherry, and the Sand Plum of the plains. The plant 
is hardy and productive and the cherries are handsome, but the 
fruit is of too poor quality, at least as grown here, to be recom- 
mended. 

It is the intention of this Station to use some of these bush 
cherries, along with other fruits, in an attempt towards the re- 
clamation of certain waste lands in the State. 

L.-H; BATLEY: 


Cornell University—Agricultural Experiment Station. 
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THE HONORABLE COMMISSIONER OF AGRICULTURE, ALBANY, 
Sir: ‘The following sketch of a new and rising industry in 
Western New York, is submitted for publication and distribution 


under Chapter 675, Section 87, of the Laws of 1894. 
L. H. BAILEY. 


THE EXPERIMENT STATION EXTENSION, 
OR NIXON, BILL. 


A law has been passed by the legislature and signed by the 
Governor, providing, amongst other things, an appropriation of 
$8,000 to be expended by Cornell University for the benefit of 
horticulture in the Fifth Judicial Department of the State—an 
area comprising the counties of Cayuga, Seneca, Yates, Steuben, 
and counties to the westward. This fund is to be expended “‘in 
conducting investigations and experiments in horticulture; in 
discovering and remedying the diseases of plants, vines and fruit 
trees ; in ascertaining the best means of fertilizing vineyard, fruit 
and garden plantations, and of making orchards, vineyards and 
gardens prolific; in disseminating horticultural knowledge by 
means of lectures or otherwise; and in preparing and printing, 
for free distribution, the results of such investigations and experi- 
ments, and such other information as may be deemed desirable 
and profitable in promoting the horticultural interests of the 
State.’? This work is to be prosecuted by Cornell University 
‘‘under the general supervision and direction of the Commissioner 
of Agriculture.” 

Owing to the lateness of the passage of the bill, few definite 
lines of experiment could be undertaken the present season, but 
efforts are making in investigating the conditions and enemies of 
fruits and gardens, and especially in collecting and publishing the 
actual results of spraying orchards and vineyards. It is desired 
that any person or community which suffers an outbreak of any ~ 
serious enemy shall communicate the fact to the undersigned, and, 
if possible, an expert will be sent to make an investigation. The 
causes of the failures of apple orchards is now the subject of a 
special investigation, and any person who has made experiments 
in spraying or fertilizing apple trees should advise us of the fact, 
in order that the results may be incorporated in the final report. 
Experiments are also in progress in various places in the fertiliz- 
ing of orchard lands, and in other directions, the results of which 
will appear as they mature. 

L. H. BAILEY, Officer in Charge, 
ITHACA, Noga 


APRICOTS IN WESTERN NEW YORK. 


I *CULTIVATION‘OF THE: APRICOT: 


It is a prevalent notion that the apricot tree is too tender to be 
grown in New York State. It willsurprise many to learn that the 
fruit is considerably grown in the State, there being one plantation 
of many hundred trees. The apricot is as hardy as the peach, and 
it thrives in the same localities and under the same general 
cultivation and treatment. There are three chief reasons, I 
think, why the apricot has remained in comparative obscurity in 
the horticulture of Western New York: 1. Ignorance of the 
fruit ; 2. Loss of crop by spring frosts, because of the very early 
season of blooming of the apricot; 3. The fondness of the cur- 
culio for the fruit. Tio these may be added the fact that we have 
not yet arrived at an understanding of the best stocks upon which 
to bud the apricot; but this difficulty may be expected to dis- 
appear as soon as greater attention is given to the fruit and our 
nurserymen begin to propagate it extensively. Aside from the 
above difficulties, there are probably no reasons why apricots 
should not be grown in Western New York as easily as plums or 
peaches. 

The apricot is a fruit somewhat intermediate between the peach 
and the plum. The tree is a round-headed, spreading grower 
with dark somewhat peach-like bark, and very broad or almost 
circular leaves. The fruit, which generally ripens in advance of 
both the peach and plum, is peach-like in shape and color, with 
a smoother skin, rich yellow flesh and large flat, smooth stone. 
The flesh is commonly less juicy than that of the peach, and, as 
a rule, perhaps, of higher quality. 

The ideal soil for the apricot seems to be one which is deep and 
dry, and of a loamy or gravelly character. The rolling loamy 
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lands which are well adapted to apples seem to be well suited to 
the apricot, if the exposure and location are right. The apricot 
seems to be particularly impatient of wet feet, and I am inclined 
toregard many of the failures with these trees as due to retentive 
subsoils. Wickson* thinks that some of the failure with this 
fruit in California ‘‘has been chiefly because they do not thrive 
under the summer irrigation system.’’ Iam convinced, also, that 
much of the uncertainty concerning the proper stocks for the 
apricot arises from too little consideration of the effects of differ- 
ent soils. 

Particular attention should be given to the location and exposure 
of the apricot orchard. In thisstate, the best results are obtained if 
the plantation stands upon elevated land near a large body of water, 
for here the spring frosts are not so serious as elsewhere. Gener- 
ally, a somewhat backward exposure, if it can be obtained, is de- 
sirable, in order to retard blooming. Apricots will be sure to fail 
in frosty localities. 

The apricot should always be given clean culture. For the 
first two or three years some hoed crop may be grown between 
the trees, but after that they should, in general, be allowed the 
entire land, particularly if set less than twenty feet apart. Culti- 
vation should be stopped late in summer or early in the fall, in 
order to allow the wood to mature thoroughly. ‘The trees are 
pruned in essentially the same way as plums. 

The question of the best stocks for the apricot is in dispute. 
It is commonly said, in this state, that the apricot is less success- 
ful upon its own roots than upon either the peach or plum. It is 
evident that it must be some unnatural or uncongenial condition 
which renders a tree unprofitable or short-lived upon its own 
roots ; and I am inclined to believe that this condition is a cold, 
hard or poorly drained soil. ‘‘For deep, rich, well-drained, 
loamy soils, the apricot on its own root makes a magnificent 
tree,’ says Wickson.* ‘‘ When it is desired to grow the apricot 
in moister and heavier soils, or where a light soil is underlaid by 
-a heavy, retentive subsoil, recourse should be had to the plum 
root.’’ ‘‘ Budded on the peach root, it may be grown successfully 


* California Fruits, 249. 
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on the light, warm, well-drained loams in which the peach de- 
lights.’’ In California the peach is evidently most commonly 
used as a stock. In New York, both peach and plum—either 
common plum or myrobalan—are used, and apricot on apricot is 
practically unknown. The trouble with the peach and plum 
stocks is that the union is apt to be imperfect and to break under 
stress of wind. Apricots on apricot have been tried and are 
found to be short-lived ; and this fact, I am convinced, is mostly 
or wholly because our soils are generally not adapted to the apri- 
cot root. John Rock, of Niles, California, a well known and 
respected authority upon nursery matters, writes me concerning 
stocks for apricots, and 
his statements are all the 
more valuable in this con- 
nection from the fact that 
he has had much experi- 
ence in New York state: 
“We use peach, apricot 
and myrobalan for stocks 
for apricots. Peach is 
best suited to deep rich 
alluvial soil, apricot for 
heavy adobe and gravelly 
soils, and myrobalan for 
heavy soil that is too wet 
for apricot or peach roots. 
The union on peach is 
always good with us. 
On myrobalan the union 
is not so good, and some 
trees will break off. Trees 
are more liable to break 
at the union when budded 
late in the season, when 
the sap has stopped flow- 1. Union of Moorpark Apricot with 
ing. Buds cut too heavy peach root. 
and not tied firm, make a weak uhion, asa callus forms behind the 
bud and pushes it off.’’ 
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We frequently lose trees on peach roots without any visible 


break at the union; but an examination under the bark will 


usually show a line of separation between the peach and apricot. 
Fig. 1 shows the union of a Moorpark apricot, which myster- 
iously yellowed and died. When split open, the union presented 
the appearance shown in Fig. 2, in which it will be seen that the 
peach and the apricot had broken apart, in the direction aa. 
The break is particularly apparent in the left-hand section. This 
tree had been girdled from the breaking away of the cion and 
stock. 


2. Same unionas Fig. 1, split lengthwise and showing the divorce of 
cion and stock. 


Myrobalan stocks have behaved no better with us. Fig. 3 
shows how a Harris apricot tree broke off the myrobalan root 
with a clean and smooth fracture, showing that there was no real 
affinity between the two. 

E. Smith & Sons, whose apricot orchard on Seneca Lake is the 
largest in the state, tell me that they have had trees break when 
nursery-budded upon peach and plum; but apricots on apricot 
roots have never broken, although such trees have died more 


freely than any other, a circumstance which is probably to be 
attributed to uncongenial, hard soil. 


a 
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The question of the best stock for apricot in this state is yet 
under experiment. My own opinion of the matter, after much 
study of the subject, is this: Apricot is the ideal stock for apri- 
cots upon soils which are well suited to it,—those which are deep 
and loose and rich and well-drained. There are comparatively 


3. Broken union of Harris Apricot on Myrobalan Plum. 


few lands of this character, however, and it is probably much safer 
to rely upon other stocks, particularly as our winters are so long 
and the ground becomes so thoroughly saturated with water. 
For the stiffer lands, plum stocks will usually be found to be safer, 
and I am inclined to favor top-worked stock—that is, plum trees 
top-budded or grafted in the orchard—rather than nursery- budded 
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trees. On all the lighter and drier soils, —and these will probably 
comprise the greater part of lands devoted to the apricot—the 
peach, nursery-budded, will probably be found to be the best. In 
order to prevent the unions of nursery-budded trees from breaking, 
the trees should be set low, so that, if possible, the union is below 
ground ; and this is especially important with the peach stock in 
order to escape injury from the borer. It will also be found to be 
advisable, no doubt, to head in the tops more or less, to prevent 
them from exercising too much leverage. With these conditions 
and precautions fulfilled, there need be only very small loss of or- 
chard trees from poor unions. 

The apricot, when grown under the best conditions, may be 
considered to be nearly or quite as productive asthe peach. Like 
other fruit trees, it bears in alternate years, unless the crops are very 
heavily thinned. New York apricots are of superior quality and 
are popular in markets where they are known. They are to be 
considered as a dessert or fancy fruit, and should, therefore, be 
neatly packed in small and tasty packages. Under the right con- 
ditions and with careful attention, the apricot is, no doubt, des- 
tined to become a profitable fruit in this State; but it can never 
be recommended for general or indiscriminate planting. Only 
the best fruit-growers can succeed with it. 

The most serious enemy of the apricot is the curculio, the same 
pestiferous insect which attacks the plum and peach. It seems to 
have a particular fondness for the apricot, and as the fruit sets 
very early the crop may be expected to be destroyed unless the 
most vigilant means are employed of fighting the insect. The 
best way to dispose of the curculio in apricot orchards is to catch 
him. Spraying with arsenical poisons is uncertain. The insect 
must be caught by jarring the trees, in the same manner as on 
plums and peaches, but the work must be even more thoroughly 
done than upon those fruits. The jarring should begin as soon 
as the blossoms fall and continue as long as the insects are numer- 
ous enough to do serious damage. It will usually be necessary to 
catch the insects for four or six weeks, two or three times a week, 
or perhaps, even every day. The work must be done early in 
the morning, while the curculio is indisposed to fly. It is said 
by some growers that the curculio is really more fond of the plum 
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than the apricot, but that the apricot suffers more because of its 
earliness, These persons recommend the planting of plum trees 
amongst the apricots to attract the insects, upon which they can 
then be caught in great numbers. 

It is presumed that the reader is acquainted with the methods 
of catching the curculio; but it may be well to say that the oper- 
ation consists in knocking the insects from the tree by a quick jar 
or shake, catching them upon a white sheet or in a canvas hopper. 
The ‘‘catcher’’ most commonly used in Western New York (man- 
ufactured by J. B. Johnson, Geneva), is a strong cloth hopper 
mounted upon a wheelbarrow-like frame, and running upon two 
wheels. The hopper converges into a tin box, into which the 
curculio roll as they fall upon the hopper. One man wheels the 
devise, by barrow-like handles, under the tree, then drops the 
handles and jars the tree; or sometimes two men go with a ma- 
chine, one wheeling it and the other jarring the trees. There are 
other devices for catching the curculio, but this is the most satis- 
factory one which I know. 

The apricot has no other serious enemies in New York state, 
so far as I know. ‘There is sometimes a spotted surface upon the 
fruit, appearing when the fruit is nearly grown 
and making a blemish,but not interfering with 
the quality. It is possible that there is more 
than one origin of these blemishes, but the 
causes have not yet been determined, although 
they are probably due to fungi. On most 
varieties, the trouble does not appear to be 
serious. Fig. 4 shows a spotted green fruit, CSS 
natural size. In this particular disease, the 4, Apricot Spot. 
spots are elevated like small red pimples. 

There is also a leaf-spot on apricot trees which may be associated 
with some of this surface injury of the fruit. 

Thus far, I have written of the cultivation of the apricot in 
orchards. The fruit is well adapted to training on walls and 
buildings, however, where the peculiar excellence of the fruit 
fully develops even in otherwise unfavorable localities. There is 
great danger, however, of too early bloom if the trees are set 
upon south walls. Hon. James Wood, of Mount Kisco, has 
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had unusual success with trained apricots, and he has kindly 
given me his experience : 

‘‘T have been successful in growing apricots during the past 
twenty years, never having failed in securing a fair crop during 
that time. My trees are trained to the northwest walls of a build- 
ing something over 100 feet in length. The trees are eight feet 
apart and are trained to a height of ten or twelve feet. All pro- 
jecting limbs are cut off and those that can be secured to the wall 
are trained so as to cover it as completely as possible. The vari- 
eties grown are Moorpark, Peach and Alberge de Montgamet. 
The Moorpark is of the highest quality but the trees are deficient 
in vigor and are rather shy bearers. The Peach apricot is a 
heavy bearer and the fruit is of excellent flavor but of rather 
small size. The Alberge de Montgamet has large and handsome 
fruit,—the showiest of any I have seen grown in America—but 
the quality is not equal to the others. The trees are very vigor- 
ous. In another place I havea number of trees of the Purple 
apricot. The fruit is quite acid and I know of nothing to recom- 
mend it. The fruit rots badly before ripening. ‘There are two 
advantages in the northern exposure : the blossom buds are kept 
back in spring, and a larger crop of fruit sets in the later bloom- 
ing ; and the cooler and moister conditions during the develop- 
ment and ripening of the fruit ensure more uniform results.’’ 


Il, VARIETIES OF APRICOTS: 


There are three species of true apricots in cultivation in Western 
New York ; and tothese might be added the apricot plum, Prunus 
‘Stmonit, a sufficient discussion of which was given in our Bulle- 
tin 51. These three species of apricots, to which we must give 
attention at this place, are the Purple (Prunus dasycarpa), the 
Chinese or Japanese (?. 1/wme), and the common and Russian apri- 
cots (P. drmeniaca). ‘These species may be distinguished as fol- 
lows : 

I. PRUNUS DASYCARPA. PURPLE OR BLACK APRICOT.— 
Fruit (Fig. 5) globular and somewhat plum-like, with a distinct 
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stem, pubescent or fuzzy even at maturity, dull dark purple, the 
sourish soft flesh clinging to the plum-like fuzzy stone. Tree 
round-headed, with much the habit of the common apricot, with 


5. Purple Apricot ( Prunus dasycarpa). Natural size. 


leaves ovate and more or less tapering at both ends, thin, dull 
green, on slender and pubescent mostly glandless stalks, finely 
appressed-serrate, and hairy on the veins below. Flowers large 
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and plum-like, blush, solitary or in twos, on pubescent stalks a 
half inch or more long, and appearing in advance of the leaves. 

The nativity of the Purple apricot is unknown, but the species 
is probably Asian. The fruit has been long cultivated in this 
country, but the quality is inferior and the color unattractive, and 
it has never become popular. The fruit is shown natural size in 
Fig. 5. As grown in Western New York, it is uniform dull red 
in color, like a blood peach. ‘The flesh is red, soft and somewhat 
fibrous, juicy, sub-acid, sour and a little bitter about the pit. The 
quality must be considered low, although it has a refreshing 
flavor. ‘The fruit ripens with the latest apricots. "The specimens 
figured in Fig. 5 were picked Aug. 9, 1893. ‘‘ This remarkable 
little apricot,’’ Downing writes, ‘‘so strongly resembles a dark 
round plum that at a little distance it might easily be mistaken 
for one. It is pretty good, and very hardy, and its unique appear- 
ance renders it sought after by amateurs.”’ 

The stalked plum-like flowers of this species are shown in the 
upper spray on thetitle page. The lower spray shows the flowers 
of the common apricot. 

II. Prunus MuME. CHINESE OR JAPANESE APRICOT. Fruit 
(Fig. 8) small, yellowish or greenish, the flesh rather hard and 
dry and adhering 
tightly to the pitted 
stone. Treelikethe 
common apricot but 
with a grayer or 
greener bark and 
duller foliage;. 
leaves grayish- 
green, generally 
narrower (Fig. 6) 
and long-pointed, 
more or less hairy 
along the veins be- 
low and on the 
shorter mostly 
glandless stalk, thick in texture and prominently netted beneath. 
Flowers fragrant, borne singly or in twos and sessile (without 
stalks). 


6. Leaves of Prunus Mume ( left), and common 
apricot (right). One ha/f natural size. 
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Japan. Recently introduced to this country. Its chief repres- 
entative here is the Bungoume, or so-called Bungo plum. Other 
forms of this species in this country are the Hanahoume, Koume, 
Gold Dust and Chinese Apricots. I have also seen it growing 
under the name of Hattonkio plum; and one of our leading 
northern nurserymen sold me a tree of it under the name of My- 
robalan plum! ‘The form of leaf of this Japanese species is con- 
trasted with that of the common apricot in Fig. 6; and the fruit 
and foliage of the variety known as Bungoume is shown in 
Fig. 8. 

The Bongoume is the only variety of this species which I have 
known to fruit in New York. The fruit is small and poor, and I 
do not see sufficient merit in it to make it worth growing. P. J. 
Berckmans, of Augusta, Georgia, writes me that the Bongoume 
has fruited but once with him, although he has had the variety 
several years. It usually blooms in February, and the flowers 
are destroyed by frosts. ‘‘I am satisfied,’’ he says, ‘‘ that this 
type of fruit is worthless where the orange is not perfectly hardy.”’ 
But in common with some other plants which are injured by 
spring frosts in the South, this species often escapes in the North 
because of the absence of unseasonable ‘‘ warm spells’’ which, in 
that region, start the buds. 

This species (Pruxus Mume) is really more valuable for orna- 
ment than for fruit, and for this purpose it is chiefly grown in 
Japan. Double-flowered varieties are also known in this country. 
Professor Georgeson, who has made a particular study of fruits in 
Japan, writes* as follows concerning this apricot, or plum, ashe 
calls it : - 

‘Prunus Mume. UUme and Mume of the Japanese. The 
fruit-bearing varieties of this species do not take a high rank; 
in fact, the fruit appears to be an incidentai product rather than 
the main aim of their culture. This is the parent of the hun- 
dreds of varieties of the flowering plum, and the trees are culti- 
vated for their flowers. The Japanese entertain a love for their 
plum flowers which is akin to passionate adoration. ‘They are 
cherished alike in the poorest hut and in the princely mansion. 


* American Garden, xii. 76 (1891.) 
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No door-yard is too small or park too grand to afford space for 
the humble, cheerful, fragrant plum flower. The early varieties 
begin to bloom soon after New Years in the latitude of Tokio, and 
from then until the end of March a succession of bloom is kept 
up by the different varieties. The flowers vary in color from 
white through innumerable shades to dark red, and from single to 
very double. 

‘‘As stated, the fruit is generally secondary to the blossoms, 
but there are, nevertheless, several varieties which are grown, 
partly at least, for the fruit. They have been divided into two 
classes, based upon the size of the plums, namely, large-fruited 
and small-fruited. The following named kinds belong to the 
large-fruited class: Yoro, Hana-ka-mi, Bungo, Katayama-bungo, 
Kashiwagi, Naniwa-rinshiu, Yatsu-busa, Aujiku. Among the 
small varieties the following may be named: Gariobai, Kobai, 
Robai, Ko-mume, Yoshino-ko-mume, Toko-mume, Kaga. Asa 
matter of fact, nearly all of the flowering kinds also yield some 
fruit, especially those with single and semi-double flowers. All 
of these plums which have come under my observation have been 
perfectly round, and have varied from less than an inch to an inch 
and a half in diameter. In color, they are mostly green or green- 
ish yellow, though some are white and others red. They are all 
short-stemmed, and cling closely to the branches, like the peach. 
The majority are cling-stones, and in the matter of quality they 
cannot compare with the varieties of true plum, Prunus triflora, 
being rather acid and lacking flavor. They are mostly gathered 
while green, and are made into we-boshi by the simple process 
of pickling in salt.’’ . 

III. Prunus ARMENTACA. ComMoN ApRICOT. Fruit var- 
iable, but smooth at maturity, red or yellow, the sweet and 
firm flesh free, or very nearly so, from the large, smooth, 
flat stone. Tree with a round, spreading top and a reddish, 
cherry-like or peach-like bark; leaves (Fig. 6) ovate or 
round-ovate with a short point and sometimes a heart-shaped 
base, thin and bright green, smooth or very nearly so below, as 
are the gland-bearing stalks, the margins rather obtusely and 
mostly finely serrate. Flowers pink-white and borne singly, 
sessile or very nearly so, preceding the leaves. ; 
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Native to Northern China, Mongolia and Mandshuria, but cul- 
tivated from the earliest times and once thought to have come 
from Asia Minor (whence the specific name, Armeniaca or 
Armenian). The species is cultivated somewhat in Japan for its 
fruit, and probably some of the Japanese varieties introduced into 
this country belong to it. 

Professor Georgeson writes as follows of its cultivation in 
Japan: ‘‘The apricot is not indigenous, but has probably 
been introduced from China. It is, however, commonly known 
among the people, but is not extensively cultivated. It does not 
seem to be appreciated, and but little attention is paid to it. 
Andzu is the only native variety that has come under my observa- 
tion, though there are undoubtedly others.’’ 

Russian apricots.—There are two general types of the apricot 
in cultivation in this country, the common type and the Russian. 
It has been repeatedly said that the Russian apricots belong to 
the species Prunus Sibirica, but thisis anerror. They comprise a 
race of the common or European apricot, Prunus Armeniaca, 
differing from the familiar sorts in having a narrower and rather 
darker leaf, and generally a smaller and inferior fruit. The 
Russian almond, sold by Lovett, is an apricot, but we have not 
yet fruited it. 

The chief merit attributed to the Russian apricot is its hardi- 
ness ; but my own experience, extending over about nine years, 
shows that in central Michigan and in New York the Russian 
stock is as likely to be injured as the common and better varie- 
ties. At Lansing, Michigan, a lot of about fifty strong two-year 
Russian seedlings from Nebraska were killed, most of them root 
and branch, while budded trees of Russian varieties alongside 
stood a year or two longer, yet these budded trees finally suc- 
cumbed. I have always been at a loss to understand why the 
seedlings should have perished sooner than the budded trees 
(which were probably on peach roots); but I am inclined to 
think that the soil, although sandy, was uncongenial to the apri- 
cot roots. Here at Ithaca, in central New York, all apricots 
endure the climate perfectly, but our winters are less severe than 
at Lansing. Moorpark, Early Golden, and other common sorts 
endure our climate equally as well as the Russian varieties. If 
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the Russian apricots are really hardier than the common ones, 
they should be widely disseminated upon the northern borders of 
our apricot region ; but where other apricots can be grown, most 
of these are scarcely worth serious attention. 

We have a number of good trees of Russian apricots, set in 1888, 
and they have given us one very heavy crop of all varieties, and 
one very small one of some varieties The handsome little fruits 
hang in clusters and ropes on many of the trees, especially on 
Budd, Gibb, and Alexander. The catalogues have said that 
some of these Russians, especially the Catherine, are almost as 
early as strawberries, but none of ours have ripened before the 
last week in July, and Alexander and Gibb are several days 
later. 

These Russian apricots were introduced into this country by 
the Mennonites, who settled in the West. They were grown in 
the country so long ago as 1876, and probably earlier. The Men- 
nonites propagate the fruit from seeds alone, and a few of the . 
resulting varieties have been secured and named by nurserymen. 
The G. J. Carpenter Co., Fairbury, Nebraska, writes me that 
‘‘the named varieties, Budd, Gibb and Alexander, were first 
offered by us about ten years ago, and were a selection of the 
strain growing here among the Mennonites. This year [1893] 
our earliest varieties were ripe and gone before the 4th of July, 
and the Russian varieties were the only ones that gave us any 
fruit. Such varieties as Moorpark, Breda, and Early Golden had 
their buds killed by our severe winter.’’ Professor Budd speaks* 
as follows of these fruits: ‘‘’The Russian apricots we have never 
recommended. Even where the trees are hardy in central and 
south Iowa they do not bear, as they blossom too early. On the 
College grounds we have never grown half a dozen specimens of 
the fruit. The Shense apricot we recommend as the hardiest of 
all for Iowa, but this is not hardy north of the 42d parallel and, 
like all the apricots, it is slow in coming into bearing.”’ 

This Shense apricot, of which Professor Budd speaks, has not 
been fruited in this state, so far as I know. It is properly not a 
Russian variety. It comes from Northern China. It is also 
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known as Acme, under which nante it was introduced in 1890* 
by the G. J. Carpenter Co. Professor Budd writes me that ‘‘it 
endures drouth better than anything in the stone-fruit line on our 
grounds.’’ 

There appears to be some confusion amongst the varieties of 
Russian apricots, and 1 am not sure that the same name always 
represents one variety. G. J. Carpenter writes me that when they 
‘‘first sent out these varieties, Budd had proved the earliest of 
any, followed closely by Catherine;’’ but with us Catherine is 
the earliest variety, followed closely by Budd. Alexis, which 
Mr. Carpenter considers to be the ‘‘largestand most valuable ’’ of 
the Russians, I have not grown. ‘The otker varieties now offered 
by nurserymen have borne with us, and the following notes were 
taken in the field upon August 3, 1893: 

Catherine, Fig. 7.—Early, fit to ship July 26, now all soft and 
ready toeat from the tree. Fruit small, slightly oblong-globular, 
deep rich orange, with a dull red cheek in the sun, rather dry in 
flesh and of indifferent quality, even for a Russian, and possessing 
three or four woody strings running along the angles or ventral 
side of the pit, which remain in the flesh and greatly detract from 
its value. Freestone. Average fruits measure three and one-half 
inches in transverse girth, and two to three of them weigh an 
ounce. 

Budd, Fig. 7.—About the same as Catherine in season, or pos- 
sibly a day later, oblong in shape, light orange in color, with only 
a very faint blush, if any. Flesh moderately juicy, with a sweet, 
peach flavor. Varies from cling to half cling. Evidently one of 
the best in quality of the Russians, but too small for market. 
Ripe with Early Golden, or only a day or two ahead of it. 

Nicholas.—Some trees ripen with Budd, and others a week or 
ten days later. Fruit larger and fairer than Budd, oblong and 
more or less flattened. Flesh juicy and sweet, the pit free. There 
are evidently two kinds of this variety in our orchard, although 
the trees were all procured at the same time, from one nursery- 
man. ‘The later trees bear larger fruit than the others, with a 
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much larger and looser pit, and have a drier flesh. Probably Al- 
exander is mixed with this in our orchard. 

Alexander.—About a week or ten days later than Catherineand 
Budd. Fruit small, oblong, and flattened, orange-yellow, with a 
faint blush cheek, the flesh firm and rather coarse. Pit larger 
and loose. ‘This and the late form of Nicholas, mentioned above, 
seem to be the same thing. About the season of the Breda, 
with us. 

Gibb.—Three or four days later than Catherine and Budd, and 
somewhat larger, oblong and flattened. Color a light lemon or 
white-yellow, with only a trace of color in the cheek. Flesh 
juicy and tender, but lacking in flavor, and somewhat acid. Pit 
rather large and loose. 

These five are the only Russian varieties which we have fruited. 
None of them are as good either in quality or size, as Royal, 
Breda, Early Golden, and other varieties. 

Some four years ago I made an inquiry into the history and 
merits of the Russian apricots, and the conclusions of that inves- 
tigation* are still correct, so far as I know. 

1. The Russian apricot is somewhat hardier than the peach, 
and may be expected to endure the climate a degree or two north 
of the peach belt. 

2. It blooms early (like the common apricot) and is liable to 
injury from late spring frosts. 

3. Seedlings vary widely, and many of them are worthless. 

4. The fruit, even of the best sorts, is much inferior to that 
of the older and better known varieties of apricots. 

5. There is promise of considerable improvement in the varie- 
ties under proper care and selection. 

6. The fruit is particularly liable, in common with other apri- 
cots, to the attacks of the curculio, and in the West to the attacks 
of the plum gouger. 

7. In general, it appears that on the northern limits of peach 
culture, the best varieties of Russian apricot are worth cultiva- 
tion on a limited scale, but they cannot compete with other apri- 
cots in places where the latter can be grown. 


* American Garden, xi. 645. 
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The best apricots.—It is impossible, at the present time, to state 
with much confidence what apricots are best adapted to Western 
New York and its markets. Many varieties have been tried by 
various growers, particularly by E. Smith & Sons, Geneva, the 
most extensive apricot growers in the state, and to whom I am 
greatly indebted for much of the information contained in this 
bulletin. I shall make no = 
attempt to describe all the 
varieties now on trial in 
this state, but shall give 
account of those which 


9. Harris Apricot. Natural size. 


have thus far given the best commer- y 
cial results in the orchard. 2, 


Early varieties. 


Smith’s Early.—A flattish apricot of medium size, or even large 
for an early variety, ripening from the 1st to the roth of July. 
It is ordinarily very productive, and the quality is good. The 
origin of this variety is unknown. The original tree was grow- 
ing in a yard in Geneva when the place passed into the hands 
of William Smith. ‘The variety began to be propagated about 
ten years ago. 

Harris (Fig. 9).—I am entirely unable to determine if the Har- 
ris and Smith’s Early are distinct. Last year I thought them the 
same, but this year I thought that I saw some fairly constant dif- 
ferences in the fruit; but if not perfectly identical, they are so 
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much alike that they cannot be distinguished by printed descrip- 
tions. The Harris is also the product of a single tree found in a 
Geneva yard, the property of Edwin Harris. The variety was 
first propagated about the same time; or perhaps somewhat 
earlier, than the Smith’s Early. It is probable that both varie- 
ties are some English sort of which the name has been lost. The 
Harris is a poor grower in the nursery, and it is not yet sufh- 
ciently tested to enable me to recommend it. But these two 
varieties constitute the best type of very early apricots which have 
yet been grown in Western New York. 

Early Moorpark.—A rather small apricot, in shape, color sie 
quality resembling the Moorpark, but about three weeks earlier. 
It is productive, and of better quality than the above varieties, 
but its small size is against it for a general market fruit. 

St. Ambroise.—A well known large early apricot, of flattish 
shape, and deep yellow color,reddish in the sun, of excellent qual- 
ity. It is a favorite variety in England, and is said by Hogg* to 
be ‘‘the most — variety 
in cultivation.’ 

Mid-season and late varieties. 
—Turkey or Turkish (Ro- 
man ?)—One of the very best 
of the apricots grown in West- 
ern New York is the variety 
known as Turkey or Turkish, 
and shown natural size in the 
engraving (Fig. 10). It is a 
very large, flattish and elong- 
ated fruit, with a rich orange 
ground shaded with red, and 
a firm, good flesh. The tree 
is a very strong grower, the 
foliage dense and dark, and it 
is very productive. ‘This va- 
riety is very like the Montgamet, except that it is a week or two 
earlier. 


10. Turkish of Western New York. 
Natural size. 


* Fruit Manual, 5th ed. 272. 
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It is probable that this apricot is improperly named, for the 
Turkey of the fruit manuals is said to be very late, ripening even 
after Moorpark, whilst this variety is probably two weeks earlier 
than Moorpark. Both Downing and Hogg describe the Turkey 
apricot as medium size, round, not compressed, and Downing 
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11. Roman Apricot. Natural size, 


says that it ‘‘is a fine old variety which is seldom seen in our gar- 
dens, the sort generally sold under this name being the Roman.’’ 
Wickson* says that the Turkey is ‘‘commended by Southern Cal- 
ifornia Nurserymen’s Association as good for home use, but too 
juicy for canning or market’’—a description which: will not fit 
_ our variety. 
The Roman is also grown in Western New York, and it seems 
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to be the same as the above. Fig. 11 shows specimens of average 
size grown under this name. I have not seen an apricot in this 
region which seems to answer to the characters of the Turkey. 

Montgamet (Alberge de Montgamet).—An old variety, and 

apparently one of the most productive and best market apricots 
yet tested in the State. The variety grown here under this name 
is much like the Turkish described above, but somewhat later. 
Smith’s Triumph, originated with W. W. Smith, Vacaville, Cali- 
fornia, is very much like the New York Montgamet, and possibly 
indistinguishable from it. 
' Royal.—A French variety of large size, slightly compressed, 
with a dull yellow skin and a red cheek, of excellent quality. 
One of the best, ripening about a week ahead of the Moorpark. 
Likely to overbear. 

Moorpark.—This is probably the best known of the apricots 
grown in the North,inthis country. It is the latest one yet proved 
in Western New York, ripening from the roth to the middle of 
August. The fruit is large to very large, with a light orange skin 
and deep orange or orange-red blush in the sun, compressed, one 
side usually larger than the other. The quality is superior. Al- 
together, it is one of the very best of all apricots, and it seems to 
be a heavy bearer in Western New York, although Downing says 
that ‘‘it is only a moderate bearer here [Hudson River Valley].”’ 

Amongst the varieties less known, the following are very prom- 
ising for Western New York: Lwuizet, a French variety; Jack- 
son, originated on the farm of Andrew Jackson, in Fresno Co., 
California; Allison, a seedling of White Royal, raised by Josiah 
Allison, near Vacaville, California; Eureka, a seedling grown by 
I. H. Thomas, Tulare Co., California. 
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REVIEW. 


1. The apricot is adapted to cultivation in Western New York, 
and it is already grown to a commercial extent. 

2. .The chief general difficulties in the way of its cultivation, 
aside from ignorance concerning the fruit, are the habit of early 
blooming and consequent liability to injury by late spring frosts, 
and the ravages of the curculio: 

3. Injury from frost is to be avoided by choosing frostless loca- 
tions, as those adjoining bodies of water, and by avoiding too 
‘‘early’’ lands. 

4. The curculios can be kept in check when they are caught 
and killed; and this is best done by jarring them onto'sheets, in 
the same manner long followed in plum and peach orchards. 

5. Itis not yet certain what are the best stocks for apricots in 
Western New York. It is probable that no one stock is best 
under all circumstances. ‘Ihe apricot root itself seems to be im- 
patient of our cold and wet soils, which are drenched by the 
drainage of winter. It needs a very deep and rich soil, but it is 
doubtful if it is safe for this state. The common plum (not myro- 
balan) is an excellent stock for plum soils, and the apricot does 
well either nursery-budded or top-worked upon it. Peach is prob- 
ably the commonest stock, and for peach soils it is probably the 
best that can be used. If the apricot thrives upon various stocks, 
it is thereby adapted to many soils. 

6. The cultivation, pruning and care of the apricot are not 
unlike the attention given to the peach ; and it may be expected 
to be about as productive as the peach. . 

7. There are three species of apricots in cultivation in Western 
New York,—the Black or Purple, the Japanese or Chinese, and 
the common types. 

8. The Black or Purple apricot (Prunus dasycarpa), of un- 
known nativity, is a fruit of comparatively small merit. The 
fruits are round and plum-like, stalked, fuzzy, very dark red in 
skin and flesh, the latter soft and subacid and clinging tightly to 
‘the pit. It is not grown for market. 

9. ‘The Japanese or Chinese apricot (Prunus Mume), native to 
Japan, is represented in this state chiefly by the Bungo or Bun- 
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goume. It differs from the common apricot in peculiarities of 
foliage, fragrant flowers which are double in many ornamental 
varieties, and small, hard clingstone fruits which are of little 
value. 

10. ‘The common apricot type (Prunus Armentaca), originally 
from Northern China, comprises two groups,—the Russian and 
the common sorts. 

11. The Russian apricots appear to be somewhat hardier than 
the ordinary type, but beyond this fact they appear to have no 
merit for Western New York; and the common apricots are 
sufficiently hardy here. The fruit is small and mostly poor, as 
compared with our standard sorts. 

12. The varieties of apricot most prized for commercial plant- 
ing in Western New York appear to be Smith’s Early, Harris, 
Early Moorpark, St. Ambroise, Turkish (probably Roman), 
Montgamet, Royal, and Moorpark. Varieties less known but 
very promising, are Luizet, Jackson, Allison and Eureka. 
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THE HONORABLE COMMISSIONER OF AGRICULTURE, ALBANY. 
Sir: The following sketch of the philosophy of the cultivation 
of orchards, a sequel to Bulletin 69, is submitted for publication 
and distribution under Chapter 675, Section 87, of the Laws of 
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Ideal cultivation of peach orchards. The upper cut illustrates what I believe 


to be, in general, the best method of pruning peach trees, 


THE CULTIVATION: OF ORCHARDS. 


There is probably no subject upon which pomologists differ so 
widely as the methods of cultivating orchards. These differences 
arise very largely from the different soils and circumstances of the 
various orchards, and it is useless to attempt to reduce them to 
one system of practice. Yet, whilst all advice touching the cul- 
tivation and management of fruit plantations must be subject to 
many exceptions and modifications, there are certain underlying 
principles which every fruit-grower must consider and which must 
form the basis of all operations. 

The object of all cultivation is to furnish the plant with the 
best materials and conditions of growth. Plant food must be sup- 
plied and moisture must be conserved. It should always be 
remembered that the soil itself is the greatest storehouse of plant 
food and that the first consideration of the farmer should be the 
attempt to utilize it. The application of plant food in the form 
of farm manures or other fertilizers must always be a secondary 
consideration. It should also be known that the very treatment 
which best utilizes the natural food resources of the soil, is also 
the best conservator of moisture. This treatment is tillage. 

Preliminary considerations.—A\\ subsequent treatment will fail 
of best results if the original preparation or selection of soils is 
imperfect or hasty. In the first place, the fruit grower must be 
sure that his soil and location are adapted to the particular fruit 
he desires to plant. In the second place, the soil itself should be 
in good condition before the trees are set. Soils which enjoy 
perfect natural drainage are particularly desirable for orchards, 
because they are not only warm and give up their fertility easily, 
but because they also allow of very early cultivation, which is an 
important requisite in the management of orchards. If this per- 
fect natural drainage does not exist, tile-drainage should be em- 
ployed, until the soil is brought into the best possible condition. 
It should be said that many hard and wet soils make excellent 
pear and plum lands when thoroughly tile-drained. It is a com- 
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mon opinion that only flat lands need draining, but one often 
finds rolling lands in which the subsoil is high and hard and 
holds the water like a wet blanket. Judicious draining not only 
carries off the superfluous water, but it also loosens the subsoil 
and allows it to retain its moisture better in times of drouth. An 
attempt should be made to bring the land in the various parts 
of the orchard into conditions as uniform as possible, so that 
the same tillage and treatment may be applied to the entire 
area. All hard and ‘‘sour’’ spots should receive particular 
care in draining and subjugation, or they should be left outside 
the plantation. The present season has enforced the importance 
of good drainage in the orchards of New York to an extent which 
I have not known before. The spring was very wet and the sum- 
mer has been very dry. In most orchards cultivation began so 
late that the most assiduous attention during the later months has 
not been able to correct the delay, and the effects of the drouth 
have thereby been intensified. 

Theory of tillage of orchards.—The first object of tillage is to 
furnish plants with food. A fine mechanical condition of the 
soil allows the plant to reach every portion of it, and aids greatly 
in unlocking and utilizing materials which are more or less un- 
available. 

But the advantage of tillage which I wish now toimpress upon 
the reader, is its conservation of moisture. The first plowing or 
cultivation in the spring should be rather deep, in order to send 
the roots deep into the soil; and this result will be more easily 
accomplished if the land is either naturally or artifically well 
drained. Subsequent cultivation should be shallow and very fre- 
quent, in order to make a mulch of the surface soil. The best 
mulch—that is, the best conservator of moisture—is a frequently 
stirred, soft and fine surface soil. And all the grateful effects of 
this surface mulch are ordinarily most marked when the soil con- 
tains considerable vegetable fibre or humus, which, of itself, is a 
conservator of moisture. 

But if orchards should be plowed early in spring, it does not 
follow that they should be plowed in the fall. In fact, fall plow- 
ing is commonly to be discouraged, for it leaves the soil in an 
open and loose condition which may be injurious to the roots, and 
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it often starts the trees too early in the spring. I know -per- 
sous who plow vineyards late in the fall for the express purpose 
of starting an early growth and of securing an early crop; but 
this is safe only in those favored localities where late spring 
frosts are practically unknown. Fall plowing may be advisable 
as a preparation for many farm crops, but itis not generally 
best for orchards. Cultivation should also generally stop late in 
summer or early in fall, as explained further on (page 305). 

If the above propositions are true, it follows that the best results 
are obtained only when this treatment is applied from the start. 
It is in the first two or three years of the life of the orchard that 
the roots are strongly defected downwards under the influence of 
cultivation. Orchards should never be put into sowed crops or 
into grass for the first five years of their life, and grain crops 
should always be withheld. Everywhere one may see young or- 
chards in wheat-fields or oat-fields, and the short growth, knotty 
bodies and yellow leaves tell the story of shallow roots, dry soil, 
borers, and all the ills which every farmer who follows such meth- 
ods deserves to have fastened to his trees. A useful lesson upon 
the value of cultivation in conserving moisture is given upona 
following page (306), under the discussion of green manures. 
I am convinced that many of the apple orchards of New York 
state were ruined in their youth by just such methods, and that no 
amount of subsequent cultivation can send the roots down where 
they belong. The best treatment for many orchards in the state is 
extermination. If there is any profit in them, it is for fire-wood. 

Cultivate the orchard from the first and begin the cultivation 
early. ‘‘But I don’t have time; there is too much farm work to 
be done,’’ I hear everywhere. Then do not plant the orchard! 
It is strange that farmers feel that if anything is to be neglected it 
must be the orchard. Perhaps it would be well to put the most 
attention upon the most profitable part of the farm, and as likely 
as not this part will turn out to be the orchard. This dialogue 
occurred in Niagara county this year : 

‘“ You should cultivate your peach orchard better and get into 
it earlier.’’ 

‘* Ves, I know ; but farm work was too pressing, and Icouldn’t,’’ 
replied the owner. 
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‘‘ What part of your farm brings you the most money ?’’ asked 
the visitor. 

‘‘ Well,’’ said the other, reflectively, ‘‘ I guess it is the peach 
orchard.”’ 

‘“Then I should attend to the peach orchard first, and let the 
farm work go.’’ . 

‘Say, that’s so! I hadn’t thought of it in that way before,’ 
and the owner has turned down a new leaf. 

Methods of cultivating.—The best tillage is that which begins 
early in the season, and which keeps the surface stirred until late 
summer or early fall, and the best implements are those which se- 
cure this result with the least amount of time and labor. For the 
first few years, it is generally advisable to turn the land rather 
deeply with a plow at the first spring cultivation. There are 
many styles of clod crushers, spring-tooth harrows, cut-aways, and 
smoothing harrows which will adapt themselves readily to the culti- 
vation of the particular soil in question. Inall friableor loose soils, 
shallow cultivation is always preferable, and in these some form 
of cut-away or smoothing harrow will be found to be efficient. 
When the land is once in good condition, but little effort and time 
are required to run through the orchard. Crust should never be 
allowed to form upon the surface, and weeds should be killed be- 
fore they become firmly established. The entire surface of the 
orchard should be stirred as often as once in ten days. 

In general, level culture is best. This is secured by plowing 
one year to the trees and the following year away from them, 
one year north and south, and the next year east and west. It is 
somewhat difficult to plow away from large trees, however, and 
with the cultivators or harrows now in use, it is easy to work the 
soil away by subsequent cultivation, allowing the furrow to be 
thrown towards the tree each spring ; but it is always advisable, 
upon fairly level ground, to plow the orchard in opposite direc- 
tions in alternate years. 

The difficulty of working close to the trees has had the effect of 
encouraging too high pruning. There is a tendency to start 
tops too high rather than too low, thereby exposing great length 
of trunk to injuries of sun and wind, and elevating the top be- 
yond the reach of pickers and of sprays. For most trees the 
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ideal length of trunk is under four feet rather than above it, and 
implements now inthe market allow of this lowertraining. Trees 
which have low tops or which hang low with fruit can be reached 
by separating the halves of any of the double harrows by means 
of a long doubletree, so that the halves, when adjusted, run from 
four to six feet from each other. A cut-away harrow rigged in this 
way will work away the back-furrows from under the trees during 
the season. All cultivators or harrows with high handles, wheels 
or levers should be discarded if orchards are worked when the 
limbs bend low with fruit. 

This labor of working about trees is greatly facilitated by the 
use of harnesses which have no metal projections. There should 
be no hames with elevated tops, and the turrets on the back-pads 
should be simply leather loops. The back-pad itself should be 
reduced to a single wide strap entirely devoid of wadding. Har- 
ness of the Sherwood type, with no traces, but drawing by a sin- 
gle chain between the horses, are excellent in orchards, as they 
require no whiffletrees. Such harness is shown in the cover illus- 
tration. 

It will now be asked what crops may be grown in the orchard. 
Grain and hay, never! Any hoed crops may be used for the first 
few years; but it must be remembered that every crop competes 
with the trees for food and moisture, and whatever may befall the 
crop, the trees should not be allowed to suffer. An open space 
should be left about the tree, free of crops, at least several feet in 
extent. In fact, this space should correspond with the spread of 
roots of the tree. Corn and some other plants will appropriate 
moisture more quickly than can the tree. In orchards set less 
than twenty feet apart, the land should rarely be cropped after the 
third year; but apple orchards, if well cared for, may be cropped 
lightly for seven or eight years. Inno case should the grower 
expect to secure as much crop upon orchard land as upon other 
areas; and the drier the land, the less should it be cropped. 
When the orchard comes into bearing age, give it the entire land. 
Thereafter, the most profitable crop to raise is cultivators ! 

The growing of nursery stock in orchards—a frequent practice 
in Western New York—should be discouraged. This crop makes 
essentially the same demands upon the land as the orchard itself, 
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and it does not allow of those variations in cultivation and man- 
agement which may be essential to the varying seasons. It may 
be true that enough fertilizer can be placed upon the land to re- 
place the loss of plant food, but it is never done and probably 
never will be. And, more than this, the nursery stock drinks up 
the moisture which should be used by the orchard. Nursery 
stock is known to be particularly hard upon land, so much so that 
nurserymen never grow two crops of fruit-tree stocks in succes- 
sion upon the same area. 

Sod may sometimes be allowed in an orchard if it is closely 
pastured, but hay should never be cut. Sod lands are not only 
drier than cultivated ground, but they are favorite breeding places 
of insects. Borers are particularly bad in grass land. No stone 
fruits should ever be allowed to stand in sod, and the same may 
be said of dwarf pears. Apples and standard pears may now and 
then be seeded with safety, but it is certainly true that, in general, 
fruit decreases in proportion as sod increases. Very thrifty 
young apple and pear orchards may sometimes be thrown into 
bearing by seeding them down for a time, but the sod should be 
broken up before the trees become checked in vigor. The use of 
clover and other temporary cover crops as a means of fertilizing 
the land, is discussed farther on. 

Most of the apple orchards in New York are in sod, and grow- 
ers are always asking if they shall be plowed up. If the growers 
of apples are satisfied with the crops of the past few years, let the 
orchards alone ; but if it is thought that better crops are desira- 
ble, do not hesitate to make an effort to obtain them. It is sur- 
prising that the disastrous failures of recent years have not awak- 
ened farmers to the necessity of really doing something for their 
orchards. Now and then an enterprising man makes an ener- 
getic attempt and is rewarded, as.a future bulletin will show ; 
but the greater number continue to exercise the most thorough- 
going neglect and to bewail the failure of the crop. Yes, plow 
the old apple orchard; then fertilize and spray it. Or, if the 
roots are too near the surface to allow of plowing, harrow it thor- 
oughly when the turf is soft in spring, and continue to work it 
during the season. If this is not feasible, then pasture it closely 
with sheep or hogs, feeding the stock at the same time. If this 
cannot be done, and the orchard is unprofitable, cut it down. 
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Fertilizers. —Nitrogen, potassium and phosphorus are the ele- 
ments which need to be applied to orchard lands. 

Nitrogen is particularly efficacious in promoting growth. In 
fact, the amount of growth and the color of foliage are reliable 
guides for the application of nitrogen. When mature or bearing 
trees make a foot or more of growth upon all shoots, and when 
the leaves are of good size and dark color, the orchard probably has 
enough nitrogen. A free application of nitrogen to such orchards 
might do more harm than good, in promoting growth at the 
expense of fruit, or, in the case of some stone fruits, in producing 
a poorly matured growth which will be likely to suffer in winter. 
Orchards are grown for fruit, not for forestry purposes. In gen- 
eral, it is better to supply nitrogen by good cultivation—which 
assists nitrification—and an occasional green-manure crop, than 
by the application of nitrogenous fertilizers. If the orchard is 
not growing and is yellowish in foliage, good cultivation—begun 
early and repeated very frequently—in connection with the 
use of potash, phosphoric acid and green manures, will 
commonly correct it. It is probable that lack of moisture is 
quite as much the cause of the weakness as lack of nitrogen, par- 
ticularly if the orchard has been in sod. Now and then a tree 
will be found which fails to respond to ordinary treatment. If 
the tree is healthy—that is, not attacked by disease or borers—it 
may sometimes be brought into a vigorous condition by applying 
to it a light dressing of nitrate of soda; but this treatment need 
seldom be applied to an entire orchard. 

In orchards which are thoroughly tilled,the use of barn manures 
should generally be discouraged, for the chief element of fertility 
in them—if they are not leached—is usually nitrogen. This advice 
is particularly applicable to vineyards, and all other fruits which 
run very strongly to wood. It is better economy to apply barn 
manures to the annual crops of the farm. The old neglected 
apple orchards of the country, however, may recieve barn ma- 
nures with safety; yet, even here it is a question if economy 
would not dictate tillage and late green manures to supply 
the nitrogen, except, perhaps, for a season or two when an at- 
tempt is making to rejuvenate an orchard. Mulching a sod or- 
chard with manure often gives fairly good results in cases where 
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the land cannot be cultivated ; but better results in the way of 
fertilizing and in freedom from weeds and insects can be obtained 
by pasturing closely with sheep or swine. 

Potash is generally the most important element to be applied 
directly to orchards, particularly after the trees have reached 
bearing age. The store of available potash in the soil is much 
increased by the thorough tillage which has already been recom- 
mended, but in bearing orchards it should also be supplied every 
year in some commercial form. One of the best sources of potash 
for orchards is wood ashes, but this material is so often weakened 
by leaching that it cannot be confidently recommended. A 
good sample of unleached hard wood ashes should contain from 
7 tog per cent. of potash, but much of the commercial article 
does not analyze above 2 to 3 percent. Potash in this form has 
a trade value of 4% cents per pound. To this value of wood 
ashes should also be added 2 per cent. or less of phosphoric acid, 
now worth 6 cents a pound. Forty to fifty bushels to the acre is 
considered to bea good dressing of wood ashes, if it has been 
kept dry. 

- Muriate of potash is perhaps the best and most reliable form in 
which to secure potash at the present time. Commercial samples 
generally contain from 80 to 85 per cent. of muriate of potash, 
or about 50 per cent. of actual potash. Kainit or German potash 
salts is an impure muriate of potash containing about 12 per cent. 
of potash. An apple orchard in full bearing and upon loose soil 
may receive as high as 1000 lbs. of muriate of potash per acre, but 
a normal and economical application is from 500 to 700 lbs. Sul- 
phate of potash is also thought to be a good form in which to buy 
potash. The commercial article will analyze 50 per cent. or less 
of actual potash. Sylvanite is a cheap and low grade of this 
material which is often bought by farmers as sulphate of potash. 
Its value—like that of other materials mentioned—should be 
reckoned upon the amount of potash present. 

- Phosphoric acid may be obtained in the form of a high grade 
plain superphosphate (dissolved South Carolina rock),in bone com- 
pounds, and Thomas slag. The plain superphosphate contains 
about 16 or 18 per cent. of phosphoric acid, and 300 to 500 Ibs. 
per acre is a liberal and very useful dressing for bearing orchards. 
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The bone fertilizers are always valuable. Those which are 
untreated give up their phosphoric acid slowly, unless they are 
very finely ground. Dissolved bone gives more immediate results. 
Thomas or basic slag, which is yet scarcely in the market in this 
country, has given good results in many tests, but it parts with 
its fertility very slowly. It is yet too early to recommend this 
material for orchards with full confidence. 

In general, phosphoric acid is rather less important in fruit 
plantations than potash, although this order is reversed in general 
farming. Potash should undoubtedly be the leading factor in 
orchard fertilizers, and nitrogen, as I have said, may be 
obtained mostly ‘by means of tillage and green crops. It will 
then be seen that the use of combined or ‘‘complete’’ commercial 
fertilizers may not be economical. The best results are to be 
expected when the fruit-grower observes closely the behavior of 
his trees and then applies such materials as they appear to need. 
Any of the materials mentioned in the foregoing remarks may be 
mixed together, so that the phosphorus and potassium can be 
applied at the same sowing. It should be said, however, that if 
wood ashes is mixed with a nitrogenous fertilizer, some loss of 
nitrogen may ensue, unless the material is used at once. 

Cover crops and green-manuring.—A sowed crop in the orchard 
may be valuable in two ways: by affording a cover to the land, 
and by improving the soil when it is plowedin. Asa cover, it 
may keep down weeds, and protect the land from injurious effects 
of frost. Asa green manure, it may add fibre to the soil and thus 
augment its power of holding fertility and moisture, and it may 
add directly to the fertility of the land. This late crop catches 
and holds the leaching nitrates which the tree-roots utilize earlier 
in the season. 

As a rule, crops grown for cover alone should be sown not 
earlier than midsummer. The most thorough tillage can then be 
given early in the season, and the benefits of the cover can be 
secured for the early fall and winter. It is generally advisable to 
grow a crop which answers. for both a cover and green manure, 
although it is easily possible to make the soil too nitrogenous for 
some fruits by the extravagant use of such fertilizer. 

There is much confusion in the popular mind concerning the 
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relation of cover crops to moisture. Some contend that any crop 
which shades the ground, will keep the surface moist and conserve 
moisture, whilst others, knowing that all plants exhale water, con- 
sider that any crop tends to make the land dry. Both these 
opinions are partly correct. A crop which occupies the soil the 
entire season and which does not allow of cultivation will make 
the land dry, whilst one sowed late in the season upon land which 
has been thoroughly tilled during May, June and July, will not 
seriously rob the soil of moisture. At all events, there need be 
no fear of drying out the soil by sowing a latecrop, for the serious 
injury of drouth is usually effected before such crops are estab- 
lished ; and the tree needs to be checked, rather ‘than stimulated, 
at this season, by the transfer of the nitrates and moisture to 
other plants. The most marked way in which such crops con- 
serve moisture is by means of the fibre and humus which they 
impart to the soil when plowed under; but even this humus can- 
not compete with cultivation as a retainer of moisture. 

An experiment now continuing in one of our orchards illustrates 
the value of cultivation over green manuring alone, in this dry 
year. The orchard is a hard clay,—just the soil which is 
benefitted by the loosening effects of green manures. ‘The orchard 
was divided into three portions in 1890, a year after the trees were 
set. One-third has received liberal annual dressings of commer- 
cial fertilizers,* and has been well tilled ; another third has had 
no treatment except good tillage ; and the remaining third has had 
liberal applications of potash and has then been sown early to a 
nitrogenous (leguminous) green crop. This third portion has 
simply been plowed and fitted well each spring, and then sown, 
having received no subsequent tillage. The crops were all 
plowed under the following spring. The following are the crops : 

1890. Mixed beans. Sowed June 16. 

1891. Field peas. Sowed June 24. 

1892. Vetch. Sowed June 16. 

1893. Cow peas. Sowed June Ig. 

1894. Field peas. Sowed June 14. 


*This experiment has not yet progressed far enough for report upon mieth- 
ods of fertilizing, and is mentioned here only for the purpose of contrasting 
methods of cultivation. 
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Here, then, isa chance to compare the effects of tillage with 
humus in a season of almost unprecedented drouth. At this 
writing (Sept. 1) the green manured strip is much the dryest por- 
tion of the orchard. The tree growth in this portion is much less 
vigorous and the leaves perceptibly lighter colored than on the 
adjacent plots. Even the unfertilized but well tilled tract shows 
a better foliage. In this green manure portion, leaves on peach 
trees are now beginning to yellow and fall from the effects of 
drouth, whilst the same rows, when they strike the other plots, 
show perfect foliage. In apricots the effects are also marked. 
Pears and plums also show the differences. In the cultivated 
portions one can easily stir up loose earth with the toe of his 
boot, while in the green manured part one has to dig from six to 
ten inches in a hard soil before he can find visible moisture. 
Careful tests show the same fact. Samples of soil were taken to 
the depth of 1 foot on September 1,by means of a soil sampler,eight 
samples being lifted from representative parts of both the tilled 
and untilled areas. Four of these samples were combined into 
one, and this mixture constituted the complete sample which 
was used in a test for moisture: that is, there were two samples 
of untilled soil and two of tilled soil, but each of these was made 
up of four other samples selected from various parts of the areas. 
These samples were carefully weighed and were then equally fire- 
dried and weighed again. The loss in weight represents the com- 
parative content of free water in the different samples. The results 
are as follows: 


Sample I. Sample II. 
Moisture in tilled soil, LI.3 12.8 
Moisture in untilled soil, Say 9-6 


In addition to this difference in moisture between the two areas, 
it should be said that in the tilled land it was distributed to within 
two inches or less of the surface, while in the untilled land the 
first few inches was exceedingly dry. In other words, in the 
tilled land nearly the entire soil was in condition to part with its 
fertility, while in the other the uppermost and richest soil was in- 
active. 

All this emphasizes the fact that tillage alone is better than 
green manuring alone. But the best results would no doubt have 
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been obtained if good tillage had been given for two or three 
mouths, and if the green crop had been sown in August or Septem- 
ber. In general, I believe this combination to be an excellent one 
for orchards, particularly for such lands as lack nitrogen and 
vegetable matter, and for those fruits which, like peaches, are 
benefitted by some winter protection of the soil. Walter F. 
Taber, of Poughkeepsie, one of the most careful horticulturists in 
the state, gives me this bit of experience, under date of August 
30, which is suggestive in this connection: ‘‘ Dry is no name 
for it here, but my place does not show it like many others. I 
have two fields which show how moisture can be held in the soil. 
One is a strawberry setting of one and one-fourth acres, made 
upon a heavy growth of rye plowed under April 26 and 27, and 
the ground worked fine and rolled May 10, and set the 11th and 
12th. The other is one and seven-eighth acres of sweet corn. 
This piece was seeded with clover and turnips last August and 
September, and the whole growth of both clover and turnips was 
plowed under May 15 and 16, and the land was planted to sweet 
corn May 29 and 30, after receiving a dressing in alternate strips 
of Compound Corn Manure and muriate of potash. Both these 
pieces are upon black soil which has burned up in former years 
with a less severe drouth than at present; but now my black soil 
is doing best.’’ Our own orchards have withstood the drouth 
wherever well tilled; and the same is true wherever I have been 
in Western New York. But the neglected orchards are suffering. 

It will now be asked what is the best plant for cover and green 
manure. It is hard to tell. Clover is the stand-by, but it is 
generally difficult to obtain a good ‘‘catch’’ late in the season, 
and it should stand on the land an entire season in order to obtain 
its full value. Upon good. and well-tilled lands and in favorable . 
seasons, considerable herbage can be obtained for turning under 
in the spring if it is sown the preceding August or September ; 
but in general it is unreliable as an annual crop. 

Vetch answers the purpose admirably in many respects, as 
shown in our bulletins 49 and 61, and I think that it is the best 
all-around cover crop yet proved in New York State. Itis killed 
by the winter, however, and it therefore takes no advantage of 
the early days of spring. But this fact is in its favor for some 
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occasions, because it encourages very early plowing. It must 
also be sown too early in the season for best results with tillage. 
It should be sown not later than the middle or last of July in 
this latitude. It affords an excellent winter cover for the soil, 
and it is rich in fertilizer value. It should be sown at the rate of 
a bushel of seed to the acre. Seed can be obtained of the leading 
seedsmen. 

Rye is a favorite cover crop in peach orchards, chiefly because 
it grows well upon light soils and can be depended upon to make 
good growth with the most indifferent preparation of land. It 
contains very little fertilizing value, however. 

Cow peas are nearly worthless in this state, as shown in Bull- 
etin 61, as they are killed by the first frost and must therefore be 
sown very early if growth of any consequence is obtained. ‘The 
leaves also fall when the plant is frosted, and the land does not 
receive so much protection as it does from other plants. 

Common field beans are open to much the same objection as 
the cow pea, although the season of growth is short. We used 
them in 1890 on a portion of one of our orchards, but concluded 
that they were unprofitable as a cover crop. 

Field peas are excellent for fall sowing in orchards. Last year 
a sowing of peas made on August 18, made vines two to three 
feet long and completely covered the ground. 

But I am looking to the crimson clover as the coming orchard 
cover and green manure, although it is not yet positively deter- 
mined just how well it will endure our winter. We made a sow- 
ing of it late in the summer of 1893. The ‘‘ catch’ was very poor, 
but what plants we obtained endured the winter and grew vigor- 
ously this spring. In New Jersey, as stated in Bulletin roo of 
the Experiment Station of that state, the following points, 
amongst others, are now considered to be established : 

‘« Crimson clover is an annual plant, hardy for the whole state ; 
it has been successfully grown in every county from Cape May 
to Sussex. It is adapted for a wide variety of conditions, both 
in reference to character of soil, and method and time of seeding, 
though not as a substitute for red clover.’’ 

‘‘Crimson clover may be seeded in orchards, berry patches, 
corn, tomatoes, etc., and upon raw ground following after pota- 
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toes, tomatoes, melons or other crops harvested before Septem- 
ber. It is not adapted for seeding with wheat or rye.’’ 

‘The amount of seed may range within wide limits—8 to 16 
pounds per acre ; larger amounts are usually required when sown 
with other crops, and smaller amounts when sown upon raw 
ground or in orchards. ‘Twelve pounds per acre will doubtless 
be found to be sufficient.”’ 

‘No failures to stand the winter have been reported when good, 
American-grown seed was used. It is more hardy than red clover. 
Foreign seed has not proved satisfactory. It contains as impuri- 
ties weed seed and less hardy varieties of this clover. ‘The seed 
is not as yet produced in any considerable quantity in this state. 
That used in our experiments was raised in Delaware, where the 
business of seed-growing is assuming considerable proportions 
and is reported to be profitable.’’ 

‘‘Reyarded as a green manure, particularly as furnishing nitro- 
gen derived from the air, this crop possesses many advantages due 
to its time of growth and development.”’ 

‘*Good crops of this clover can be obtained on naturally poor 
or worn-out lands when fertilized with the mivreral constituents 
only; these soils are rapidly improved by the addition of the 
nitrogen and accompanying organic matter contained in the crop.’’ 

‘This plant provides a good pasture before other crops are 
available. An early pasture is not only valuable for the food con- 
tained in it, but also because it helps to insure proper feeding and 
to prevent too early use of other and later pastures. It was pas- 
tured this year in central New Jersey as early as April roth. The 
crop when six inches high contained over 1,300 pounds of diges- 
tible food per acre, sufficient to properly nourish twelve cows for 
one week.”’ 

‘The fertilizing value per acre of the residue in the roots, is 
equivalent in nitrogen and organic matter to that contained in 
three tons of city manure.’’ 

In Chautauqua County, crimson clover was sown last year by 
G. Schoenfeld, of Westfield, whose success with it has led toa 
general trial of the plant in that vicinity. Mr. Schoenfeld gives 
this account of his experiment :* 


* Grape Belt, Aug. 3, 1894. 
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‘‘A year ago last June I procured a bushel of American grown 
seed, which I sowed the 22d and 23d of August in different spots 
in the vineyard, at the rate of 20 pounds to the acre. A vineyard 
of one and one-half acres, heavy brick-clay, was sown entirely. 
On account of the protracted drouth at that time, it was three 
weeks before it came up and it was what is called a poor stand, 
and I was also disappointed that it did not make a better growth 
before winter set in. But it wintered well, which settled the only 
point that I was in the least doubtful on,—if it can be grown 
in Chautauqua county—and on which point I was unable to get 
any information. ‘The lack of growth in the fall was made up 
the following spring, and on the roth of May the plants averaged 
15 inches in height and were in full bloom. ‘The first week in 
June the crop was turned over with a Rochester gangplow.”’ 

D. R. Pease, Trumansburg, Seneca County, has also had exper- 
ience with crimson clover. He writes meas follows: ‘‘I sowed 
a small piece August 25, 1893. It made some growth in the fall 
and went through the winter in good condition. It began to grow 
as soon as the frost’ was out of the ground last spring, and by 
May ist was a heavy crop. I allowed it to ripen and saved the 
seed, which I sowed September 1, 1894. I am well pleased with 
it, and think that it will prove valuable as a mulch.”’ 


ABRIDGEMENT. 


If orchards are to be made profitable, they must receive as 
good care as other crops. 

Good drainage, natural or artificial, is essential to success. 
Trees are impatient of wet feet. 

Well drained lands are drier in wet spells and moister in dry 
spells than other lands. They can be worked earlier in spring. 

Good tillage increases the available food supply of the soil and 
also conserves its moisture. 

Trees should be made to send their roots deep into the soil, in 
order to fortify themselves against drouth. This is done by 
draining the soil and by plowing the orchard rather deep. 

This deep plowing should begin the very year the trees are set 
and it should be continued every spring until the habit of the 
trees is established. 
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Moisture is retained in the upper soil by very frequent but 
shallow tillage, by means of which the surface of the land becomes 
a mulch for the soil beneath. 

Tillage should be begun just as soon as the ground is dry 
enough in spring. 

This tillage should be repeated as often as once in ten days 
throughout the growing season, which extends from spring until 
July or August. 

Tillage should not exist for the purpose of killing weeds. 
Weeds have taught the most important lesson in agriculture, to 
be sure, but the schoolmaster should now be able to retire. 

Late cultivation may be injurious by inducing a late growth. 
At all events it can be of small utility when the tree begins to 
mature and rains become frequent. This season of respite gives 
the grower the opportunity of raising a green manure, and of 
adding fertility to his land at trifling expense and with no harm 
to his trees. ‘ 

Fall plowing may be advisable for farm crops, but it should 
generally be discouraged in orchards. The’ land in orchards 
should be left compact in the fall, and it is advisable to cover it 
with some close herbage. 

Only cultivated crops should be allowed in orchards early in the 
season. Grain and hay should never be grown. 

Nursery stock should not be grown in orchards. 

Even hoed or cultivated crops may rob the trees of moisture and 
fertility if they are allowed to stand above the tree roots. 

Cultivators is the best crop to raise in an orchard. 

Sod is sometimes allowable in apple and standard pear orchards, 
but never in other fruit plantations; but even then it should be 
pastured closely with sheep or hogs. If the stock is fed at the 
same time, the land will fare better. 

Watch a sod orchard. It will begin to fail before you know it. 

Probably nine-tenths of the apple orchards of New York state 
are in sod, and many of them are meadows. Of course they are 
failing. 

The remedy for these apple failures is to cut down many of the 
orchards. For the remainder, the treatment is cultivation, ferti- 
lizing, spraying,—the trinity of orthodox apple-growing. 
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In general, level culture is best. The modern cultivators and 
harrows make such cultivation easy. 

Trees, especially apples, are often trained too high, because of 
the difficulty of working close to them Modern tools will bring 
the heads within reach. 

Harnesses with no projecting hames nor metal turrets should 
be used in bearing orchards. Those requiring no whiffletrees are 
also useful. 

Potash is the chief fertilizer to be applied to fruit trees, particu- 
larly after they come into bearing. 

Potash may be had in wood ashes, and muriate sulphate of 
potash. Itis most commonly used in the latter form. An annual 
application of potash should be made upon bearing orchards. 
Of the muriate from 500 to 700 pounds may be used to the acre 
in mature orchards. 

Phosphoric acid is thesecond important fertilizer to be applied ar- 
tifically to orchards. It may be got as plain high-grade super- 
phosphate (dissolved South Carolina rock), in the bone fertilizers, 
and perhaps in Thomas slag. Of the plain superphosphates, 
from 300 to 500 lbs. may be applied to the acre. 

Nitrogen can be obtained cheapest by means of thorough tillage 
(to promote nitrification) and nitrogenous green manures. There 
is rarely occasion for buying it for fruit plantations, if the lands 
are properly tilled and cropped. 

Nitrogen promotes growth. It should therefore be used with 
some caution, for orchard trees should be grown for fruit rather 
than for timber. 

Barn manures are generally more economically used when ap- 
plied to farm crops than when applied to orchards; yet they can 
be used with good results, particularly when rejuvenating old 
orchards. 

In general, the commercial complete fertilizers are less rational 
for orchards than a fertilizer made for the occasion out of mater- 
ials evidently needed by the trees ; but the complete fertilizers give 
much better results than the prevailing indifference and neglect. 

Cultivation may be stopped late in the season, and a crop can 
then be sown upon the land. This crop may serve as a cover or 
protection to the soil and as a green manure. 
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A green manure improves the soil by adding fibre to it and by 
increasing its fertility. It catches the nitrates which, earlier in 
the season, are used by the tree-roots. Vegetable fibre in the 
soil increases its power of holding both moisture and plant food. 

The crops well adapted to this late sowing are few. Vetch is” 
probably the best which has been well tested in the State. But 
everything points to crimson clover as the ideal orchard cover and 
green manure. 

The gist of it all is that orchards should be cultivated and fed. 
‘Cultivation should begin early and be continued often. It may 
-be'stopped in August if the grower thinks best, and then, if the 
land needs it, a green crop may be sown for turning under the 
next spring. L. H. BATES 
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LEAF CURL AND PLUM POCKETS. 


CONTRIBUTION TO THE KNOWLEDGE OF THE PRU- 
NICOLOUS EXOASCEA OF THE UNITED STATES. 


The distortions of the leaves of the genus Prunus known 
popularly as leaf curl, and the hollow, spongy, abnormally en- 
larged fruits commonly called ‘‘ plum pockets,’ or ‘‘ plum blad- 
ders,’’ are caused by certain fungi belonging to the family 
Lixoascee. ‘The Exoascee are composed largely of parasitic species 
which live upon many of the higher plants and are especially 
abundant upon the Rosacee. The family is characterized by the 
possession of fruit structures, termed asci, which are approximately 
cylindrical and stand, more or less crowded together, out upon 
the surface of the affected portions of their hosts. 

Several attempts have been made to establish genera for what 
seemed to be natural divisions into which the members of the 
family grouped themselves. These genera were based principally 
upon the number of spores in the ascus. The known spore char- 
acters, however, in this family are so remarkably inconstant that 
nothing more than an unsatisfactory artificial classification has 
thus far been proposed upon that basis. Sadebeck* has recently 
proposed a more natural subdivision of the parasitic Axoascee. 
Those species in which the asci are not developed from a common 
subcuticular hymenium, but from the ends of intercellular hyphz 
are made the ground for a new genus, Wagnusiella. This genus 
is represented in the United States by the well known V7. foten- 
tilley (Farl.) Sadeb., upon /otentilia canadensis. ‘Those species 


* Die parasitischen Exoasceen. Eine Monographie. Abgedruck. a. d. 
Jahrbuch d. Hamb, Wiss. Anstalten. x. 2, Hamburg, 1893. ’ 
{ Exoascus deformans (Berk.) Fuckel var. potentillee Farlow, Proceedings 
Amer. Acad. Arts and Sciences, XVIII, 1883, p. 84. Taphrina potentillz 
Johanson, Oefvers. af. Kgl. Vet.-Akad Forh. 1885. Magnusiella potentillze 
Sadeb. Abgedr. a. d. Jahrb, d. Hamb. Wiss. Anst. x. 2. 1893, p. 86. 
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in which the asci are developed from a common subcuticular hy- 
menium are farther divided into two genera. Those with a per- | 
ennial mycelium are placed in the Fuckelian genus --voascus, 
while those lacking a perennial mycelium are placed in the Frie- 
sian genus Zaphrina. Taphrinaas thus emended contains species 
in which a new infection each year is brought about by spores. 
A common representative of the genus in this country is 7. coeru- 
lescens* (Mont. et Desm.) Tul. The species of -vsascus having 
a perennial mycelium, a new infection each year is secured by the 
mycelium which winters over in »the tissues of the host, and by 
the spores. 

The prunicolous species of /xoascee thus far known all belong 
to the genus Exoascus. ‘These have for the present purpose the 
chief interest and farther discussion of the other two genera is 
not contemplated here. 

Considerable material has accumulated during a period of ob- 
servation extending over five years, which seemed to justify the 
preparation of the matter for publication. Especially does this 
seem to be the case since no comprehensive illustrated account of 
those species occurring on the stone fruits in the United States 
has as yet been attempted. The economic importance of the 
stone fruits suggested the appropriateness of presenting the con- 
tribution as a bulletin for the information of fruit growers, since 
a knowledge of the known characteristics and mode of perpetua- 
tion of the parasites will aid those interested in checking or pre- 
venting the injuries. 

In making a critical examination of the material at hand it 
appeared that there were several well characterised undescribed 
species, a fact which was not anticipated at the outset. This isa 
sufficient explanation of the necessary use of much technical 
description in a portion of the paper. 

No part of the plant is exempt from the attacks of these fungi 
except the roots. The first marked effects of their active presence 
in the tissues of the host is the stimulus to an increase in the 
number or size of the cells so that characteristic malformations of 
the diseased parts appear. In the leaves the increase in the num- 


* Ascomyces coerulescens Mont. et Desm. Ann. d. Sci. Nat. Bot. ser. 3, x. 
p. 345. Taphrina coerulescens Tulasne, Ann. d. Sci. Nat. Bot. ser. 5, v. p. 127. 
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ber of the cells of the diseased portion causes that part of the leaf 
to arch upward or downward ina series of irregular folds, or a 
somewhat circular spot becomes strongly arched in one direction 
forming a deep, wide mouthed pocket. The twigs become en- 
larged in diameter and variously contorted, or an early develop- 
ment of the buds is stimulated producing what are commonly 
called ‘‘ witches brooms.’’ The fruit becomes transformed into 
a large spongy mass of tissue, which is hollow and devoid of the 
‘“‘ stone’’ or ‘‘pit;’’ or only one side of the fruit is affected when 
irregular one sided swellings of similar tissue are developed. The 
floral envelopes in some species partake also of the hypertrophy, 
and in other cases only the superficial portion of the fruit is affected 
when the ‘‘ stone’’ is normally developed. In the latter case 
sometimes a warted condition of the fruit appears. The young 
leaf buds of some species are transformed into a large spongy 
hollow mass, much resembling in texture the tissue of the ‘‘ plum 
pockets.’’ A number of these characteristic hypertrophied parts 
of various plant organs are illustrated in photographic reproduc- 
tions in Plates I-X. 

Mycelium. In all of the species at present known on the genus 
Prunus, with one exception,* the mycelium penetrates to some 
depth in the tissues, but it is always intercellular. It is quite 
characteristic and can usually be readily differentiated from the 
mycelium of other fungi when examined in situ. It is very irre- 
gular in its course and the size of itscells. These are cylindrical, 
oblong, clavate, or oval, and are joined in an irregular chain 
without order between the cells of the host. The mycelium may 
be quite abundant in some species so that when the other intercel- 
lular substances and portions of the cell walls of the host are dis- 
solved out by the use of chloral hydrate, and differentiated by the 
use of some of the stains like eosin,’it presents a very intricate 
network of threads. In other species or in parts of the plant 
not so seriously affected, or in parts where the mycelium is pass- 
ing the winter, it is more scanty, frequently consisting of isolated, 
oval or irregularly oblong cells. 


* Exoascus minor Sadebeck, Kritische Untersuch. ti. d. durch Taphrina- 
Arten hervorgebr. Baumkrankheiten. Abgedruck. a. d. Jahrb. d. Hamb. 
Wiss. Anst. VIII, 1891, p. 24. 


322 BULLETIN 73. 


Hymenium,. From the interior of the tissues the mycelium . 
grows to the surface and spreads, by branching, out over the epi- 
dermal cells just beneath the cuticle. The cells of the subcutic- 
ular layer soon become nearly isodiametric and are usually de- 
veloped in such numbers that eventually they are closely crowded, 
when they become angular in outline. By a less profuse develop- 
ment they may appear as variously branched chains of oval cells. 
These subcuticular cells are very rich in protoplasm, much more 
so than the cells wit hin the tissue. They make up what is called 
the hymenium. In figure 81 is shown a section of a portion of a 
deformed bud of Prunus angustifolia presenting the intercellular- 
mycelium and young hymenium of Axoascus mirabilis Atkinson. 
In fig. 83 is represented a surface view of a portion of the hymen- 
ium of the same species. 

Each of the cells of the hymenium elongates perpendicularly to 
the surface, forming cylindrical or clavate cells which divide by a 
septum into two cells, the septum usually being near the base. 
The inner cell is the stalk cell while the outer cell is the ascus or 
fruiting cell. In each ascus there are developed a variable num- 
ber of spores, usually four or eight. These are rounded, oval, or 
elliptical in form, and are colorless. At normal maturity a per- 
foration usually occurs at the apex of the ascus and the spores are 
ejected with considerable force. The ascus becomes turgescent 
by endosmosis, this produces a pressure upon the walls and a 
rupture occurs at the weakest point, which is at the apex. 
De Bary* says that the ejection of the spores takes place in a 
manner exactly similar to that in various species of other Dis- 
comycetes which he examined. I have several times watched 
under the microscope the expulsion of the spores of some of the 
Discomycetes like Dasyscypha virginea (Batsch) Fuckel, Propolis 
faginea (Schrad.) Karst. 77vichopeziza capitata (Peck) Sacc., and 
others. In the Pyrenomycetes I have watched the same phenom- 
enon in the case of Spherella pyri Auersw. By mounting speci- 
mens which are not too old in fresh water and immediately noting 
the asci under the microscope they can be seen to become turges- 


* Exoascus pruni und die Taschen oder Narren der Pflaumenbaume, Beit- 
rage z. Morph. u. Phys. d. Pilze, Erst. Reihe. Abgedruck. a. d. Abhandl. d. 
Senkenb. Naturf. Gesellsch, Bd. V, pp. 183 and 184, Frankfurt, 1886. 
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cent and finally a rupture occurs at the apex and the spores are 
shot out suddenly. Usually the spores are all shot out together 
from a single ascus. De Bary* and Rathay?t both placed freshly 
gathered specimens of /A-voascus on a glass slip in a moist atmos-. 
phere and after several hours the glass was covered a distance of 
1 cm. from the specimen with the spores, which formed a white 
ring around it. 

When the fungus is mature the affected parts of the plant pre- 
sent a whitish or mealy aspect caused by the numbers of asci and 
free spores. 

Each spore in water or in nutrient solutions is capable of pro- 
ducing, by a process of budding similar to that of the yeast plant, 
smaller and similar cells. In water the parent spore becomes by 
this process smaller also. This frequently takes place within the 
ascus when the spores are not expelled at maturity, so that after a 
while the ascus is quite well filled with these small conidia. 
DeBary,{ BrefeldS and Sadebeck|| record the results of attempts 
to grow the spores in artificial media. In nocase was a mycelium 
observed to develop, but budding always took place where any 
growth appeared. By placing spores on the young leaf buds, 
or better on the leaves of seedlings, Sadebeck#] succeeded in 
observing the entrance of a mycelium in the leaves of Alnus. 
The species experimented with was E-voascus tosquinetii (Westend) 
Sadeb. The mycelium was observed to enter through the stomata 
into the tissues. 

We can now enter into a more detailed discussion of the hyper- 


* Ibid. 

+ Ueber die Hexenbesen der Kirschbaume, und Exoascus wiesneri n. sp’ 
Sitzungsb. d. Math.-Naturw. Classe d. k. Akad. d. Wiss. Bd. LXXXIII, 
Abth. I, p. 280, Wien, 1881. 

t Exoascus pruni etc. Beitrdge z. Morph. u. Phys. d. Pilze, Erst. Reihe, 
Abgd. a. d. Senkenb. Naturf. Ges. Bd. V. pp. 185, 186; 1886. 

2 Unters. a. d. Gesammtgeb. d. Mykol. Heft IX, pp. 142, 144, Munster, 1891. 

|| Die parasitischen Exoasceen. Abgdruck. a. d. Jahrb. d. Hamb. Wiss. 
Anst. X, 2 p. 13; 1893. 

(Unters. ti. d. Pilzgattung Exoascus und die durch dieselbe um Hamburg 
hervorgerufen Baumkrankheiten. Abgedruck. a. d. Jahrb. d. Wiss. Anst. p. 
102; 1883. Hamburg. 

Die parasitischen Exoasceen. Ibid. X, 2, p. 13; 1893. 
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trophied organs of the various species of Prunus, and the mor- 
phology and structure of the infecting species of Avoascea. 


PRUNUS PERSICA (I,). Peach. 
Exoascus deformans (Berk.) Fuckel. 


The leaves and twigs are the only portions of the peach tree 
which are at present known to be affected with the fungus. The 
leaves are more commonly the place for the injury to be shown, 
and the twigs are but rarely attacked seriously or so as to attract 
attention. During June, 1894, I observed a tree on the Cornell 
University Campus having the leaf “‘curl’’ and a few of the ends 
of certain twigs were abnormally enlarged, though but slightly. 
One of these is reproduced from a photograph in Plate I, Fig. 1. 
The petioles of the leaf are also hypertrophied and profusely cor- 
rugated. From the petioles the hypertrophy can be seen to 
extend part way on the stem. Scribner* notes quite a serious 
injury to young shoots of nursery trees received from New York 
and transplanted at Knoxville, Tenn. The shoots for several 
inches below the leaf bud were considerably enlarged and pre- 
sented a very much roughened or corrugated surface. 

The disease in the leaves produces the distortions which are 
commonly spoken of as “‘leaf curl.’’ With the increase in the 
number and size of the cells of the affected part the leaf is thrown 
into a series of irregular folds frequently transversely to the long 
axis of the leaf. Sometimes the arching of the leaf takes place 
more strongly on one side than on the other when a strong con- 
vexity appears on that side. When a large portion of the lear 
is thus affected it frequently bulges out on one side along the 
middle and the edges of the leaf are drawn toward each other, 
the leaf appearing as if strongly inflated. In the affected por- 
tions of the leaf the green color pales and the parts are more or 
less brightly colored with reddish or yellowish tints. The leat 
tissue at these parts is also thickened and assumes a “‘cartilagin- 
ous’ consistence. The parenchyma cells are frequently very 
much elongated and curved or sinuous in form. The mycelium 
is perennial in the leaf buds, that is, it passes the late summer, 
autumn and winter months in the tissue of the leaf buds and in 


* Fungus diseases of the grape and other plants, p. 126. 18go. 
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the following spring grows out with the developing leaf, multiply- 
ing more abundantly in certain portions than in others at times. 
This accounts for the fact that the whole area of the leaf is not at 
all times affected. 

The persistence of the mycelium during the autumn and winter 
seasons in the leaf buds is probably the chief cause of the spread 
of the disease. When buds are taken for ‘‘budding’”’ young 
seedlings in the nursery, if they are taken from an affected tree 
the disease is quite sure to be transmitted to every young tree 
which is started from a bud which contains the perennial mycel- 
ium. Since all of the affected leaves fall off from diseased trees 
at quite an early period, and at the time of budding the seedlings 
in August there is probably no sign of the curl in any of the 
leaves, it would be impossible to discriminate between the dis- 
eased and healthy trees, or the affected and free branches. An 
early selection of healthy trees for budding purposes would pre- 
vent the transmission of the disease through nursery stock. 

Some experiments have been made in various places by spray- 
ing the trees with the Bordeaux mixture for the prevention of the 
leaf curl of peach trees. Some of the experimenters reg@rd it as 
certain that the disease can to some extent be checked by this 
method. It is quite likely that, in some cases at least, another 
disease is confused with the leaf curl, and this fact might account 
in those instances for the results claimed. More definite experi- 
ments with an accurate determination of the diseases present 
should be made before too much can be claimed for the efficacy of 
the application of sprays for the prevention of this trouble. 

The asci are developed on both surfaces of the leaf. Before 
the young asci pierce through the cuticle in their development 
they frequently raise the cuticle somewhat when it appears on 
drying as a thin whitish glistening membrane. The asci are 
nearly cylindrical, sometimes slightly clavate, and rounded or 
truncate at the free ends. They measure 25*—40 long by 8-11 in 
diameter, the larger number possessing intermediate measure- 
ments and being 30-35 by 9-10. ‘The stalk cells are 6-8 high 
and 6-9 or 10 in diameter. They frequently taper considerably 


* Measurements where not otherwise stated are given in terms of the 
micromillimeter. 
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toward the base and often are quite sharp pointed. Occasionally 
where they are not much crowded the stalk cell is considerably 
broader, attaining a diameter quite equal to that of the ascus at 
its distal end, while it will be broader than the lower end of the 
ascus. The pointed ends of the stalk cells frequently intrude 
somewhat between the cells of the epidermis. 

The number of spores in an ascus is usually eight or approx- 
imately that number. They are rounded or oval and measure 
3-4 in diameter. Sometimes the number is quite constantly four 
in a large number of asci and then the diameter is considerably 
greater, reaching 5 or 6. Asci with only four spores were found 
by me quite frequently on specimens of peach leaves distributed 
in Seymour and Earle’s Economic Fungi, Fasc. I No. 14, and 
collected in Temple, N. H., June 18, 1888. <A few of these are 
illustrated in fig. 21. Sadebeck* records the same variation in 
the case of Exoascus epiphyllus, E. farlowit, Taphrina ulmi, T. 
bullata, and others. Brefeld+ suggested that according to the 
custom of some authors in using the number of spores as a basis 
for the separation of genera that the four spored Exoascee should 
be separated from the eight spored ones. Eight spored asci, 
however, present very great variations in a number of Ascomy- 
cetes so that in asci from the same perithecium there may be four, 
six or eight spored asci. Several species of Zezchospora may be 
cited as examples of this. 


PRuNus AviumM L. English Cherry. 
E-xoacus cerasi (Fuckel) Sadeb. 

This species, Exoacus cerasi (Fuckel) Sadeb. has been found on 
‘‘escaped cherry trees’’ at Germantown, Pa., by Prof. Thomas 
Meehan. It was distributed in Ellis, N.A.F. No. 2286, as Exo- 
ascus wiesnerit Rathay. 

This fungus forms the well known ‘‘ witches brooms’’ of Pru- 
nus avium and P. cerasus in Europe. The mycelium is perennial 
in the affected twigs, the fructification- only showing upon the 
leaves. In response to an inquiry Professor Meehan writes that 


*Die parasitischen Exoasceen. Abgedruck. a. d. Jahrb. d. Hamburg. 
Wiss. Anst. X, 2, pp. 8-9. 1893. 
+ Unters. a. d. Gesammt. d. Mykol. IX, p. 144, Miinster, 1891. 
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the twigs are not deformed, but instead of forming spurs, or 
flower buds, as in ordinary branches, twigs are produced and this 
gives the broomy appearance. The presence of the mycelium 
thus stimulates an early and profuse development of twigs so close 
together that it roughly stimulates a broom. The asci in the 
specimens which I have seen occur on the under side of the leaf, 
though Robinson* says they occur on both surfaces. The leaf is 
deformed, presenting a series of folds and wrinkles, and the fruc- 
tification shows as a dense whitish layer on the surface. The 
fungus was first described by Fuckely as Exoascus deformans b, 
cerast. Rathayt made a critical study of the perennial mycelium 
and the peculiarities of the infected branches, and named the 
fungus E-voascus wiesnert. It has been considered by many as 
only a form of Avoascus deformans (Berk.) Fuckel, and Robin- 
son|| refers it to that species though he notes that the asci are 
much more slender than those of the typical form on the peach, 
the stalk cells proportionately much longer and they do not taper 
below as in that species. Sadebeck$ regards it as a distinct 
species but accepts the varietal name given it by Fuckel and 
writes it Exvoascus cerasi (Fuckel) Sadeb. It appears to me that 
it is well distinct from the species on the peach. 

The asci are cylindrical and rounded or truncate at the free 
ends. According to Sadebeck§) in the European specimens they 
measure 35-50 long by 7-10 in diameter. He remarks that there 
is great variability in the size of the asci. In the specimens from 
Germantown, Pa., which I have seen the asci measure 25-33, 
long by 6-9 in diameter. The stalk cells 10-17 high by 5-7 in 
diameter. The more common length for the asci is about 30. 
The spores are approximately eight in an ascus, and are round or 
oval. The details of the asci and spores are shown in fig. 25. 


*Notes on the genus Taphrina. Ann Bot. I, p. 169, 1887-8. 

+Symb. Mycol. p. 252, 1869. 

t Ueber die Hexenbesen der Kirschbaume und iiber Exoascus wiesneri, n. 
sp. Sitzungsb. d. Math. Naturw. Classe d. k. Akad. d. Wiss. Bd LXXXIII, 
Abth. I, p. 267, Wien, 1881. 

|| Notes on the genus Taphrina. Ann. Bot. I, p. 168-169, 1887-8. 

2 Kritische Unters. uber die durch Taphrina-Arten hervorgebrachten Baum- 
krankheiten. Abgedruck. a. d. Jahrb. Hamb. Wiss Anst. VIII, p. 26, 1891. 

{ Die parasitischen Exoasceen. Ibid, x, 2, p. 49, 1893. ~- * 
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PRUNUS PENNSYLVANICA L. Wild Red Cherry. 
L:xoascus insititig Sadeb. 


I have referred to this species, specimens collected by Seymour 
at Temple, N. H., June 16, 1888, on the leaves of Prunus penn- 
sylvanica 1, It was distributed as Zaphrina deformans (Berk.) 
Tul., in Seymour and Earle’s Economic Fungi, No. 15. The 
specimen in the collection to which I have had access shows 
several small twigs curved to one side growing from the end of a 
larger twig. The specimen has very much the appearance of a 
small ‘‘witches broom.’’ ‘The young twigs are pale and slender, 
and the leaves are not much deformed, the upper surface being 
somewhat folded, while a large portion of the under surface is 
covered with the asci which give them a greyish white appear- 
ance. The mycelium is present in the inner tissue of the leaf but 
is not nearly so abundant as in the peach. 

The asci are quite regularly smaller than those of £. deformans 
on the peach. Through the kindness of Mr. J. B. Ellis I have 
had the opportunity of seeing a specimen of this species on P. 
domestica from Sweden, and the asci are very much nearer those 
on that specimen than on the peach. In the measurements given 
by Sadebeck the asci are 25 long by 8-10 in diameter, which 
agrees quite well with the specimens on P. pennsylvanica, though 
on the latter some specimens measure 30 long, but the average is 
near 25. The stalk cells are 6-8 high by 7-9 in diameter and 
taper in many cases a little below, and then frequently intruding 
slightly between the cells of the epidermis. The measurements 
given for the stalk cells by Sadebeck are slightly larger, being 8 
high by 8-1oin diameter. Aside from these slight variations it 
agrees very well with Sadebeck’s species. It was first described 
by Sadebeck* from specimens on Prunus insttitia and was later 
found by him on Prunus domestica. It forms ‘‘ witches brooms’’ 
on both these trees in Europe. 


* Unters. u. d. Pilzgattung Exoascus etc. Abgedruck, a. d. Jahrb. d. Hamb. 
Wiss. Anst. p. 113, 1884. 

Kritische Unters. u. d. durch Taphrina-Arten etc. Ibid, VIII, p. 27, 1891. 

Die parasiten Exoasceen. Ibid, X, 2, p. 48, 1893. 
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PRUNUS DOMESTICA IL. Plum. 


E-xoascus prunt Fuckel. 


cc 


This fungus forms the well known “ plum pockets,”’ or ‘‘ plum 
bladders’’ on the fruit Prunus domestica, the common cultivated 
plum. The mycelium is perennial in the fruit bearing branches 
and from these places grows out into the young ovaries in the 
spring. All or nearly all parts of the ovary are affected and the 
fungus stimulates the tissue of the ovary so that a remarkable 
hypertrophy occurs. The tissues become dry and spongy, the 
form of the plum being considerably enlarged. No stone is de- 
veloped in the diseased plums and the interior is hollow and fre 
quently traversed by loose threads of torn tissue. All of the plums 
on an affected tree are not usually affected, though I recollect see- 
ing a tree in Chapel Hill, N. C., in the spring of 1886, on which 
there was not a single plum free from the disease. Frequently 
there are plums unaffected in the same cluster with the diseased 
ones. 

The asci are very closely crowded together and frequently may 
develop quite irregularly, a few pushing through the cuticle first, 
followed later by others. A section of an affected fruit at this 
time would then show some asci very long and mature while 
others are not quite mature and the spores undifferentiated. 
There are many cells of the hymenium intermingled with the asci. 
The asci measure, in specimens which I have seen on ?. domestica 
from Wisconsin, 30-60 long by 7-10 in diamter, and the stalk 
cells 15-22 high by 3-7 in diameter are rounded, or rarely pointed 
below. The longer asci are nearly cylindrical and many of the 
-shorter ones slightly clavate. The spores are oval to elliptical, 
and from 3.5-5 in diameter. The measurements given by Sade- 
beck show a greater diameter, the ascus reaching a diameter as 
high as 15, and the stalk cell being given as 8 in diameter. 

Robinson* speaks of a dimorphism in the asci, the slender ones 
being 43-60 long and 5.5-7 in diameter, while the stouter ones 
were 27-35 long by 9-12 in diameter. The size of the stalk cells 
he gives as 12-18 high by 5-8 in diameter. He also notes the 
fact that nearly all the asci which he examined were more slender 


* Notes on the genus Taphrina. Ann. Bot. I, p. 166-7, 1887-8. 


330 BULLETIN 73. 


in proportion to their length than those described by Sadebeck. 
I have seen specimens probably of this species on Prunus domestica 
in North, and South Carolina, but unfortunately did not preserve 
any of them. 

The shoots of Prunus domestica are sometimes deformed and 
enlarged bearing mature asci, the structure somewhat resem- 
bling that on the twigs of Prunus angustifolia Marshall. Prof. 
Halsted sent me some specimens collected at Manalapan, N. J. 
They are very old and overrun by some species of Glocosporium 
so that it is not safe, it seems to me to attempt to decide what the 
species is. Some of the asci are illustrated in fig. 69. 


PRUNUS SEROTINA Ehrhart. Black Wild Cherry. 
E-xoascus farlowii Sadebeck. 


The ovaries of Prunus serotina are deformed by this species, 
the fruit becoming a spongy mass of tissue which is hollow within 
much as in the case of the fruit of P. domestica when affected by 
E. pruni. ‘The ovaries are proportionately much more elongated, 
spindle shaped and curved, the end usually tapering to a long 
point. The floral envelopes are also hypertrophied and become 
persistent, which is not the case with 4. prunz on the fruit of 
P. domestica. 

The species was first described by Sadebeck* in 1890, from 
material collected by Dr. Farlow at Cambridge, Mass. In the 
material which Sadebeck examined he found the asci not crowded, 
but separated from each other, and this peculiarity, along with 
characters of the ascus and stalk cells, caused him to separate it 
from £. prunz, to which it had doubtfully been referred.t The 
distant asci, especially in the material examined by myself, does 
not seem to be a constant character, or even a frequent one, and 
I have examined quantities of material from Alabama, some from 
Canada, and some from Cambridge, collected by Dr. Farlow, and 
also by Halsted. The characters given by Sadebeck must then 


* Kritische Unters. u. d. durch Taphrina-Arten, etc. Ab. a. d. Jahrb. d. 
Hamb. Wiss. Anst. VIII, p. 30, 1891. See also Die parasiten Exoasceen, 
Ibid, X, 2, p. 47, 1893. 

+ Robinson, Notes on the’ genus Taphrina, Ann. Bot. I, p. 167, 1887-8 
Ellis’ N. A. F. No. 298. Here it is called E. pruni. 
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be modified so as to include the specimens with closely crowded 
asci. It is possible in specimens where the hymenium has not 
become evenly distributed over the surface that a section would 
show some asci which were considerably separated. But not 
taking this character into consideration I should consider it a dis- 
tinct species from Z. prunz. In 1889 I found a small quantity of 
this species in South Carolina, at Columbia. During the years 
1890-93 I observed it as very common in Alabama, at Auburn. 
Quite large trees would have nearly all the fruit destroyed each 
year by it. 

The asci are cylindrical and rounded or truncate at the free 
ends. They measure 20-33 long by 8-12 in diameter. The 
stalk cells are 12-20 high by 8-12 in diameter, averaging about 
one-third the length of the entire fruit body. These measure- 
ments give a greater diameter than that given by Sadebeck, 8-9 
being the diameter given by him for the asci and stalk cells. 
The stalk cells frequently taper somewhat below and intrude 
themselves slightly between the cells of the epidermis at times. 
The mycelium I have not found to be so abundant in the tissues 
as is the case with &. prunz on P. domestica. ‘The spores are 
more constantly rounded in form being approximately spherical, 
and are 3-4 in diameter. See figures 34-36. 


E-xoascus varius 1. sp. 


The leaves of Prunus serotina are frequently affected with a 
species of Exoascus which produces a folding or arching of the 
leaf. During the years 1890-3 I observed this to be very com- 
mon and injurious on many trees in Alabama. In fact the same 
trees which were affected with the 4. farlowz? on the fruit had 
their leaves also badly affected. The shoots also were much 
deformed and sometimes enlarged, but there was not observed 
any tendency to the formation of ‘‘ witches’ brooms.’’ Nor were 
any of the twigs observed to bear the asci. The deformity of the 
twigs or shoots occurred at the ends of the leafy branches, the 
leaves of the same being also diseased. Figures 13 and 14 are 
from photographs taken from living specimens. ‘The deformity 
of the leaves and ends of the branches can be well seen. It is 
quite remarkable that the fruit of the same branches is also 
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affected, and this is well shown in the same illustrations. Large 
trees, thirty and forty feet in height, presented a very interesting 
sight and were noticeable for a considerable distance on account 
of the defective foliage, and especially from the brown and dead 
colors which succeeded the dying of badly affected leaves. The 
two forms, the one on the fruit and the one on the leaves, were 
so common on the same trees and so closely associated that many 
times I have been strongly inclined to consider them one and the 
same species. This inclination has been strengthened by a study 
of the structure of the fungus, for in many cases the asci and 
stalk cells on the leaves are very much like those of £. farlowii 
on the fruit, as can be seen by a reference to figures 26-31. In 
fig. 26 the asci measure 20-27 long by 8-10 in diameter and the 
stalk cells are 12-17 high by 8-10 in diameter. ‘These are the 
largest ones which I have noted and they come very near to 
typical ones of 4. favlow7z on the fruit. In fig. 27 the asci and 
stalk cells possess the same proportionate lengths, but the entire 
fruit body is shorter, while the width is the same. Specimens 
occur, however, in which the proportion between the length .of 
the ascus and stalk cells is different and the stalk cell may be 
only one-fourth as long as the entire fruit body instead of one- 
third, and the relation of the form to that of £. deformans becomes 
more apparent. But at the same time the stalk cell preserves 
quite constantly the same or nearly the same diameter as the 
ascus, and in a larger number of cases it is much longer than 
that of the latter species. Specimens on the leaves from Smyrna, 
Del., communicated by Mr. J. B. Ellis, present much the same 
characters, and some of the variations are illustrated in figs. 30, 
31. Specimens on the leaves from Temple, N. H., collected by 
Mr. A. B. Seymour, also agree in these characters, as shown by 
some of the asci illustrated in fig. 32. The spores are rounded 
and four to eight in an ascus. 

A form similar to this I collected at Columbia, S. C., in the 
spring of 1889. A few leaves of a shoot which grew from the 
base of a large tree were affected. Unfortunately these specimens 
are now lost. On the same tree, but not near the affected leaves 
were a few of the fruits affected by Z. favlowzz. I should still be 
strongly of the opinion that the fungus on the leaves of P. servotina 
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were but a leaf form of &. farlow:z if it were not for the fact that 
I have observed two very different species of /-xoascus growing in 
very close proximity to each other on the same tree, so close in 
fact that it is quite probable the mycelium of the two was inter- 
mingled in the branch which bore the affected fruits and leaves. 
These occur on Prunus americana under which paragraph the 
description of the species will be found. Another reason for con- 
sidering them distinct species is the probable fact that usually a 
certain species quite constantly exercises a peculiar physiological 
influence upon the host, and that if the form on the leaves and 
twigs of P. sevotina described here were the same species as 
that which occurs on the fruit of the same tree, we would expect 
it to produce a spongy abnormal growth in the buds and ends of 
the branches just as Zvoascus mirabilis Atkinson does in the buds 
of Prunus augustifolia. For these reasons and from the fact that 
the fungus departs too widely from the characters of -A-voascus 
deformans, it seems best to consider it as a distinct species, and I 
propose the name £. varius for it on account of the variable pro- 
portion which exists between the length of the ascus and stalk cell. 


PRUNUS MARITIMA WANG. Beach Plum. 
Exoascus communts Sadebeck. 


This species affects the fruit of P. marztizma, causing the plum 
‘‘pnockets.”” The specimens which I have seen were collected by 
Dr. Farlow at Dartmouth, Mass. Sadebeck* has _ recently 
described this species as occurring on this host as well as on P. 
pumila L,. and P. americana Marshall, all from the United States. 
The structure of the asci and the relation of the stalk cells to the 
epidermis is represented in fig. 58. The asci are slender, rather 
slightly clavate, and rounded or somewhat truncate at the free 
ends. Sadebeck gives the measurements for the species as fol- 
lows: The asci are 30-40 long and about 8 in diameter, the 
stalk cells 15 to 20 high by 3-5 in diameter. Although the stalk 
cells are often somewhat pointed below he says they do not 
intrude between the cells of the epidermis. The measurements 
I have taken from the asci on P. maritima vary but little from 


*Die parasitischen Exoasceen. Ab. a. d. Jahrb. d. Hamb. Wiss. Anst. X, 
2, p. 47, 1893. 
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these dimensions, the asci being 25-45 long by 6-8 in diameter, 
and the stalk cells 15-25 long by 3-6 in diameter. ‘They are 
somewhat pointed below and according to my observations do, to 
a slight extent, project between the cells of the epidermis, but 
not markedly so. The spores are rounded or oval in form and 
are 3—4 in diameter. 


PRUNUS NIGRA AITON. Wild Red Plum. 
E-xoascus communts Sadebeck. 


Fruits of this plum distorted into the usual ‘‘pockets’’ or 
‘‘ bladders,’’ collected by C. H. Davis, at Alma, Mich., June 2, 
1894, were communicated to me by Prof. L. H. Bailey. The fun- 
gus agrees with Sadebeck’s £. communis. ‘The asci measure +35 
-—45 long by 7-9 in diameter, and the stalk cells 15-22 high by 
4-6 in diameter. The stalk cells are frequently pointed below 
and occasionally intrude slightly between the epidermal cells as 
in &. communis on P. maritima. The structure of the fungus 
and the relation of the stalk cells to the epidermis is represented 
in fig. 60. 

PRUNUS PUMILA L. Dwarf cherry. 
Exoascus communis Sadebeck. 


E-xoascus communts is also described by Sadebeck on the dwarf 
cherry, Prunus pumila 1, Mature conditions of the fungus on 
this plum I have not seen. The plum ‘‘bladders’’ were formed 
on the fruit of this species on some plants which are growing in 
the Horticultural grounds of Cornell University, in June, 1894. 
A photograph showing the form of these ‘“‘bladders’’ and the nor- 
mal fruit is represented in fig. 19. The surface of the swollen 
fruits is quite uneven, and the tissue is characteristic of similar 
tissues in other species of plums thus affected. These specimens 
unfortunately did not mature their asci. 


PRUNUS ANGUSTIFOLIA Marshall. Chickasaw plum. 
E-xoascus mirabilis 1. sp. 


This remarkable species deforms the leaf buds and young 
twigs of Prunus angustifolia Marshall, the Chickasaw plum (P. 
chicasa Michz.). It also occurs on related species of Prunus. I 
observed it in the vicinity of Columbia, S. C., in May, 1889, and 
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during three years, 1890-92, I observed it as very abundant at 
Auburn, Ala., both on the wild P. angustifolia and its cultivated 
varieties. It produces in the young leaf buds and the ends of 
the young twigs an enlarged structure, the tissue of which is very 
much like that of the plum ‘“‘ bladders.’’ The swollen bud or 
twig is usually whitish or yellowish white in color, the tissue is 
soft and spongy, and the structure is hollow at the center. They 
vary greatly in form, being clavate, oval, lanceolate, or elliptical; 
while the surface varies also to an equal extent, depending upon 
the stage of development of the bud or twig at the time that the 
growth is arrested. The bud may be brought well under contri- 
bution before the leaves have begun to open, when the large mass 
of tissue will present no appearance of even the leaf tips. Some- 
times the leaves partly separate and then short or long points 
which are of the same kind of tissue will project from the bulk of 
the mass. Again, the leaves may be more or less expanded, so 
that some of them present green normal tips projecting from the 
swollen bud, and from this the green expanded portion varies 
through different specimens so that in some there are normal 
leaves standing out from it. Two of these conditions are repro- 
duced from photographs of fresh specimens in figures 1o and 11, 
Plate V. 

The asci are developed all over the surface of the spongy por- 
tion of the structure, and give it a mealy appearance. The twig 
is sometimes enlarged and deformed to some distance below the 
enlarged spongy end, and it is not rare to find, especially at a 
rather late period for the development of the asci, twigs slightly 
enlarged for a considerable distance, but bearing no asci. The 
fungus in structure is rather closely related to Evoascus prunt, 
and at one time I considered it identical with that species. Spe- 
cimens collected by myself in Alabama were distributed by Sey- 
mour and Earle* as 7aphrina deformans (Berk.) Tul. 

The asci are slightly clavate, rounded or truncate at the free 
ends, and measure 25-45 long by 8-roin diameter. The stalk 
cells are 10-18 high by 5-8 in diameter, and are usually rounded 
or truncate at the base. They do not intrude between the cells of 
the epidermis. Thespores are quite regularly elliptical, or rarely 


* Economic Fungi, No, 129. 
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oval, agreeing in this respect somewhat with the spores of Exvoas- 
cus rostrupianus* Sadeb. but not so large as in that species. 

The mycelium is very abundant in the tissues of the affected 
buds, jorming a very complex network of threads between the 
cells of the hypertrophied tissue. The details of structure are 
shown in figures 61 and 62. 

The same fungus also occurs in Iowa, specimens collected on 
Prunus angustifolia (P. chicasa) in Chickasaw Co., by Prof. L. 
H. Budd, were communicated to me by Prof. L. H. Pammel. 

The mycelium is perennial in the branches, and in the follow- 
ing spring the young buds from such branches are more likely to 
suffer from attack. 

E-xoascus mirabilis var. tortilis n. var. 

This form occurs on the fruit of Prunus angustifolia, very rarely 
producing the plum ‘‘ bladders,’’ and then the fruit is only affect- 
ed on one side and is strongly curved. Usually the attack is con- 
fined to a rather small area or so small that a considerable portion 
of the fruit retains its normal form and color, and it is not hollow 
within. The structure of the fungus is but little different from 
that on the buds, the chief differences being in somewhat larger 
development, so that the asci are somewhat longer and the stalk 
cells higher. The other characters, including those of the my- 
celium are the same as in the form on the buds. ‘The propriety 
of separating the form on the fruit asa variety may be questioned, 
but it seems well to doso in order to avoid possible confusion, 
since the form on the buds isthe more common one in localities 
where I have observed it, and quite frequently trees may present 
many buds which are affected when all the fruits are free from 
attack. 

Erwin Smith? notes the occurrence of both these forms on P. 
angustifolia and its cultivated varieties in Maryland and Georgia. 
He suggests that it may be distinct from the E, prunt. 

Many of the native trees are very seriously affected, and it 
seems in some cases to be spreading and becoming serious in the 
plum orchards in the southern states. 


* Die parasitischen Exoasceen. Ab. a. d. Jahrb. d. Hamb. Wiss. Anst. X, 


I, p. 46, 1893. 
ftJour. Mycology, p. 108, vol. VI. 
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PRUNUS HORTULANA L. H.. Bailey. 
Exoascus mirabilis. Atkinson. 


The buds and ends of the branches of ?. hortulana are affected 
exactly like those of P. angustifolia, and the fungus seems to be 
identical with the species on that plant. All of the specimens 
were communicated to me by Prof. Pammel. Some of the de- 
tails of the asci, etc., are illustrated as follows. Fig. 70 from 
specimens collected at Ames, Iowa, in May, 1894; fig. 72 from 
specimens collected by Dr. A. B. Dennis at Cedar Rapids, Ia., 
May, 1894. ‘These specimens which I examined were rather 
young and comparatively few of the asci were fully developed. 
Fig. 68 is from specimens collected by Mrs. R. M. Kellum, at 
Salem, Ia., June 8, 1894. In this specimen the asci and stalk 
cells were much longer than in any of the other specimens, though 
the relative proportions between the asci and stalk cells remain 
about the same. ‘This specimen was marked ‘‘ Prunus chicasa, 
‘Wild Goose Plum.’’’ Prof, Bailey has determined it as P. hor- 
tulana. 

Figs 70 and 72 agree in all respects with the type. 

Fig. 71 represents the asci and the relation of the fruit struc- 
tures to the epidermal cells in specimens from the buds of Prunus 
hortulana var. mineri, also from Iowa, collected by A. Noe, in 
May, 1894. ‘These also agree with the type on P. angusttfolia. 


PRUNUS AMERICANA Marshall. Wild Red Plum. 
. Exoascus longipes n. sp. 


The specimens which constitute the type of this new species 
were collected at Danby, N. Y., by T. A. Mandeville. A photo- 
graph of the twig bearing numerous ‘‘bladders”’ and a normal 
fruit is reproduced in fig. 3, Plate II. The hypertrophied fruits 
are irregularly long ovate and sometimes slightly curved. The 
fungus is quite different from any of this class described hitherto 
on the fruits of Prunz. It is characterized chiefly by the very 
long stalk cells and from the circumstance that they intrude them- 
selves prominently between the cells of the epidermis. The asci 
are slightly clavate and rounded or somewhat truncate at the free 
end. They are 30-40 long by 7-10 in diameter. The stalk cells 
are 25-35 high by 3-5 in diameter, being usually much narrower 
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below. The lower ends of the cells of the hymenium begin 
usually to intrude themselves between the cells of the epidermis 
at quite an early stage of development. Fig. 47 shows this rela- 
tion of the cells of the hymenium to the epidermal cells. This 
results from a peculiarity of the development of the ascogenous 
cells from the first mycelium which spreads beneath the cuticle. 
The growth from these cells proceeds inward, that is, toward the 
epidermis, as well as outward in the direction of the formation of, 
the ascus. This is quite markedly the casein all the long stalked 
species of Hvoascus which I have examined, even of 4. prunz, 
EE. communis, F. mirabilis, and others. It is however much more 
marked in this species than in those just quoted, especially the 
long inward growth of the stalk cells. After many of the asci 
are quite well developed and are somewhat crowded, the hymen- 
ium continues to increase ina peculiar manner in all of these 
species but more so in some than in others. An ascogenous cell 
develops somewhat below the middle a slender branch which 
grows inward toward the epidermis. After having grown down- 
- ward for some distance, sometimes having reached a length of 
15-20, the outer end begins to grow outward to form the ascus. 
A series of these with a young ascus is shown in fig. 49. In this 
way the lower ends of the stalk cells will frequently be at a very 
irregular line, some of them not intruding between the cells of 
the epidermis while others are crowded far down between them. 
Exoascus rostrupianus probably develops the later hymenium in 
this way to judge from Sadebeck’s description, and also from the 
fact that it is a long stalked species. But according to Sadebeck* 
the stalks do not intrude themselves in the least between the epi- 
dermal cells. The spores are also quite different, being quite 
constantly elliptical, and the conidial formation from budding of 
the spores in the ascus being very rare. The spores in £. longipes 
are round or oval, measuring 3-4 in diameter. 

When the asci are developing from these later hymenial cells it 
frequently happens that the septum separating the stalk cell from 
the ascus is formed below the connection of the fruit body with 
its neighbor from which it had its origin. 


* Die parasitischen Exoasceen. Ab. a. d. Jahrb. d. Hamb. Wiss. Anst. X, 
2 p., 29, 1893. 
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The mycelium is very abundant in the tissues of the hypertro- 
phied fruits, forming a well developed network of threads between 
the cells as in other species of this type. 

These are the only specimens on P. americana Marshall of this 
species which I had the opportunity to examine. Other speci- 
mens of hypertrophied fruits of P. americana were collected 
near Ithaca, N. Y., during June, 1894, and judging from a pho- 
tograph which I have seen of them the form of the hypertrophied 
fruit is quite different. The specimens have either been mislaid 
or lost so that at this time there is no means of examining them 
to see whether they belong to this species or to /. communis 
Sadebeck. 


E-xoascus communis Sadebeck. 


Sadebeck* reports this species on Prunus americana Marshall 
from the United States, collected by Bartholomew. ‘To it I have 
also referred specimens collected by Seymour at Madison, Wis., 
June 3, 1886, and distributed as Taphrina prunit} (Berk.) Tul. 

Specimens on the fruits of cultivated varieties of P. americana 
communicated by Prof. Pammel, and collected in Iowa, show a 
much distorted fruit in many specimens, especially of the 
‘‘Cheny’”’ variety. In some of these fruits only one side appears 
to be affected, resembling in this respect very much, the fruits of 
P. angustifolia deformed by £. mirabilis var. tortilis Atkinson. 
The form of the stalk cells also seems to be nearer those of that 
species than of /. communis, and I do not feel like definitely locat- 
ing the form until we know more about the relation of these 
hypertrophied fruits of the cultivated varieties of P. americana to 
the deformed buds which also occur on P. americana, and which 
appear to be identical with those on P. angustifolia and P. hor- 
tulana. 

The asci of the ‘‘Cheny’’ and ‘‘ Baldwin’’ varieties of the 
form on the fruit of P. americana are shown in detail in figures 
40-43, 42 representing the asci of the Baldwin variety. 


* Die parasitischen Exoasceen. Ab. a. d. Jahrb, d. Hamb. Wiss. Anst. X. 2, 
P- 47, 1893. 
{+ Seymour and Earle, Economic Fungi, No. 13. 
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Ei-xoascus mirabilis Atkinson. 


To this species I refer the form on the buds of P. americana 
Marshall, from Iowa, specimens communicated by Prof. Pammel, 
and by Prof. Seymour. The asci, stalk cells and spores are 
shown in figs. 68 and 69. 

Specimens of probably this same species on the buds of the 
Maquoketa* plum were reported from Iowa in 1888, the Maquo- 
keta being here inadvertently referred to the Chickasaw plum. 


E-xoascus decipiens n. sp. 


This species distorts the leaves and young shoots of Prunus 
americana Marshall. Specimens have been collected at Danby, 
N. Y., by T. A. Mandeville, and at Aetna, N. Y., by the writer. 
A photograph of two of the specimens from Danby are reproduced 
in figs. 5 and 6, Plate III. The young shoot is somewhat 
enlarged, though there are developed no asci on any of the shoots 
which I have seen. In fig. 5 some of the leaves can be seen to be 
finely wrinkled near the base. The affected part of the leaf is 
usually thrown into‘a series of very fine folds or wrinkles, and the 
under surface, which at the time of the maturity of the asci is fre- 
quently farther injured, presenting a scurvy appearafice, is covered 
by scattered groups of rather loosely associated asci. No asci 
have as yet been found upon the upper surface, and from careful 
examination I have not been able to detect any development cor- 
responding to the ‘‘ witches brooms,’’ so that the species seems to 
be well differentiated from -. zzsztztiae Sadeb. The asci are also 
much larger and different in other respects than those of that 
species. They are nearly cylindrical and rounded or rarely trun- 
cate at the free ends, and measure 20~40 long by 7-10 in diameter. 
The stalk cells are quite broad, frequently broader than the asci, 
and measure 6-13 high by 7-12 in diameter. ‘They are usually 
rounded below, but sometimes are pointed much as in &. defor- 
mans on the peach. The spores are oval or broadly elliptical, 
measuring 3-4 in diameter. Quite frequently conidia are devel- 
oped by budding while still within the ascus. 


* Report Dept. Agr. p. 368, 1888. 
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Where the leaves are fully expanded or nearly so before they 
are seriously attacked the injury is confined chiefly to the base of 
the leaf and the petiole. Sometimes isolated spots nearer the tip 
of the leaf are also affected. If the leaves are seriously attacked 
when quite young they become killed, still clinging to the branch 
and with no development of asci dry, become crisp, and black. 
‘The blades of leaves only partially affected also become black, the 
lamina first and the petiole later, especially when the serious at- 
tack is chiefly confined to the base of the leaf. This dying of the 
affected parts often continues into the shoot, which presents also 
a blackened appearance. One of these shoots with blackened 
leaves in different stages of development is reproduced from a 
photograph in fig. 17, Plate VIII. 

The mycelium is perennial in the young branches, and occurs 
in the intercellular spaces of the affected parts. 

See figurus 74-77, Plate XIX, for details. 

Fig. 5, Plate III, showsalso the fruits of P. americana deformed 
by Zxoascus longipes Atkinson, growing from the same shoot as 
Exoascus decipiens and very near it. Inthe shoot the mycelium 
of the two species is probably somewhat intermingled, but there 
can be no doubt about the two being different species, for they 
represent very remote types of /voascus. 


Exoascus decipiens var. superficialis n. var. 


On half formed fruits of Prunus americana Marshall, at Aetna, 
N. Y., I have found an £-voascus which may prove to be a distinct 
species. I have not had as yet sufhcient material to give it the 
careful study to determine this point. .I therefore prefer at the 
present to place it asa variety of £. decipiens Atkinson, especially 
as it occurs in the cases thus far observed on the same tree on 
which I collected &. decipiens at Aetna, N. Y. The first speci- 
mens were collected July 6, 1894. At this time the &. decipiens 
on the leaves had nearly disappeared, at least the fruiting condi- 
tion of it. The fungus on the fruit at this time was not matute, 
but was collected in a mature condition on July 28. The fruits 
as stated above are half formed and thestone is normal, or at least 
not wanting. For this reason I have proposed the name superji- 
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cialis, On the affected parts the mycelium penetrates to some 
depth, however, in the tissue and warty swellings appear, or a 
large part of the surface is laid under contribution to the fungus. 
Two of these hypertrophied fruits showing the extremes of this 
condition are reproduced in fig. 7, Plate III. 

On the specimens which were collected July 28, the surface of 
these warty projections was roughened and finely cracked, and 
beside the mature asci which were present there were other fungi 
of a saprophytic nature, especially a specimen of Cladosporium, 
though not in profusion. The hymenium was upon the surface of 
this tissue. Theasci are about 25-30 long by 8-11 in diameter, 
and some of them presented a constriction near the base. The 
stalk cell in the specimens seen were very short, but farther study 
is necessary to determine these characters. The asci, however, 
are near the type of those on the leaves. Whether the myce- 
lium is perennial in the branches and grows out into the fruits, 
or whether infection takes place by spores from the species on the 
leaves cannot at this time be stated. If the former were the case 
there would seem good ground for considering it as a distinct 
species. 


PRUNUS TRIFLORA Roxburgh. Japan Plum. 
E-xoascus rhizipes n. sp. 


This very interesting species was collected by the writer on 
Japan plums of the variety sometimes called Botan, or Botankio. 
It was collected at Auburn, Ala., May 1, 1892. Superficially the 
hypertrophied fruit and buds resemble those on the Chickasaw 
plum (P. angustifolia). One specimen, in which an affected fruit 
and bud were growing very close together on the same branch, 
was photographed and is reproduced in fig. 4, Plate IT. 

While the superficial resemblance is close to the hypertrophies 
caused by £. miradzilis Atkinson, the structure of the fungus is 
very different, and also differs markedly from any described spe- 
cies. It is more closely related to £. long7pes Atkinson, but differs 
from that in the stalk cells which intrude much farther between 
the cells of the epidermis and by the frequent development of 
numerous rhizoids which are intermingled with the stalk cells and 
also penetrate between the epidermal cells. The lower part of 
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the slender stalk cell is frequently septate as are also the rhizoids. 
The stalk cells of &. longipes occasionally possess a few rhizoids, 
and this is the case in many of the long stalked species, but the 
occurrence on those species is rare. These rhizoids are developed 
both from the stalk cells and from the lower part of the ascus. 
Their origin is related, or similar in kind, to that of the develop- 
ment of the later portions of the hymenium in this and other 
species noted under the discussion of /. longipes. 

A ‘very thin section presents the appearance as if there were no 
stalk cells whatever, but that the asci arose from a very complex 
cellular hymenium of several layers in thickness, the inner layers 
of which are between the epidermal cells of the host. 

The typical form is on the fruit and the structure of the asci 
and the relation of the stalk cells is shown in Plate XV, figs. 53- 
57. Some young developing asci from the fruit are shown in fig. 
57, with a few rhizoids and young hymenial cells. The older 
asci are difficult to tease out well from their attachment in the 
epidermal cells so as to preserve all the rhizoids in situ. The 
asci are slightly clavate, are 30-40 long by 8-10 in diameter. 
The stalk cells reach a length of 25-35 or 4o, and are 3-5 in 
diameter. The rhizoids and stalk cells as well are frequently 
septate. This occurs sometimes also in £. /ongipes but rarely 
compared with the occurrence in this species. 

The young cells of the hymenium also more early intrude 
themselves between the cells of the epidermis. The intercellular 
mycelium is abundant as in the other related species. The 
spores are elliptical. 

The form on the buds is similar, but the development of the 
rhizoids is not so profuse, nor are they so long. This may be 
accounted for I think from the fact that the fruit forms a more 
suitable nourishment and all the structures are forced to a greater 
development. The same relation exists between the form on the 
fruit in /. mzradzlzs and that on the buds, but in each case it is 
quite easy to properly correlate the two forms. On the bud the 
stalk cells intrude themselves far between the cells of the epi- 
dermis, as shown in fig. 53. In fig. 55 are shown three asci with 
their stalk cells and the connection near the septum dividing the 
stalk from the ascus. 
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PRUNUS VIRGINIANA L, Choke Cherry. 
E-xoascus confusus 0. sp. 


The fungus causing the hypertrophied fruits of Prunus virgin- 
zana have been referred, it seems to me improperly, to Axvoascus 
prunt. Sadebeck* considers it identical with the Awvoascus caus- 
ing the hypertrophied fruits of P. domestica and places it in £. 
prunt. The asci are quite different and especially the stalk cells 
and their proportion to the asci. Figures 37-39, Plate XII, 
represent the details of these structures. Fig. 37 is from a rather 
young specimen from Forest Home, N. Y., and figs. 38, 39, from 
specimens collected by Underwood at Taburg, N. Y., communi- 
cated by Seymour. Comparing these figures with those of 
E. pruni from P. domestica, shown in figs. 44, 45, a great differ- 
ence is seen. All of these illustrations of the structure of the 
asci, etc., are carefully drawn with the aid of the camera lucida 
to the same scale, so the comparison can well be made from the 
illustrations. The asci of this species on the fruit of P. virginiana 
are, according to these specimens, 30-45 long by 8-12 in diam- 
eter. The stalk cells are 15-30 high by 6-10 in diameter. 
The stalk cells are nearly or quite the same diameter as the asci 
and are proportionally longer than those of £. praunz on P. domes- 
tica, and Sadebecky says upon examination that the fungus upon 
the fruit of P. domestica in the United States is the same as that 
in Europe upon the same host. ‘The stalk cells also on the fruit 
of P. domestica are also more slender in proportion to the diameter 
of the ascus than in those on the fruit of P. virginiana. 

The physiological effect upon the host is also quite different. 
Not only is the hypertrophied fruit much longer in proportion to 
the diameter than is the case with the fruit of P. domestica, but 
the floral envelopes are also constantly hypertrophied and become 
persistent, which is not the case with the same organs of the 
flower of P. domestica. The asci are also developed on the floral 
organs. 


* Kritische Unters, etc. Ab. a.d. Jahrb. d. Hamb. Wiss. Anst. VIII, 29, 
1891. 
+ Die parasitischen Exoasceen. Ibid. X, 2, p. 44, 1893. 
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Robinson* calls attention to the fact that the asci on the fruit 
of P. domestica are much more slender than the measurements 
given by Sadebeck would indicate. In a later contribution Sade- 
beck} himself indirectly gives some ground for considering this a 
distinct species from the &. pruni on P. domestica. In this com- 
munication he thinks it possible that a careful examination of the 
fungus on the fruit of Prunus padus, which he previously studied 
and placed in £. pruni,{ may prove to bea distinct species. The 
hypertrophied fruits of P. padus agree in external appearance 
more nearly with those of P. vivgindana than with those of ?. 
domestica, and the floral organs of P. fadus are also hypertrophied. 
Prunus padus and P. virginiana both belong to the same type of 
the genus Prunus and to a different type from that to which P. 
domestica belongs. 

I should consider the fungus on P. wyrginiana much more 
nearly related to the &. farlow7zi on P. serotina than to £. prunz. 

The relative size of the asci and stalk cells as well as the pro- 
portionate length of the same, suggest this, as can be seen by 
comparing the illustrations of the two. Figs. 34-36 being those 
of £. farlowii and 37-39 being those of the species on the fruit of 
P. virginiana. ‘There are, it seems to me, however, good specific 
differences between these two, the base of the stalk cells in £. 
farlowii being frequently narrower and running to a point which 
intrudes somewhat between the cells of the epidermis. The asci 
of £. farlowii are also much shorter, and the stalk cells are pro- 
portionately a little broader. I therefore propose for the fungus 
on the fruit of P. vizginiana, the name, Exoascus confusus. 


E-xoascus cecidomophilus n. sp. 


This is a very interesting species which I have found upon the 
fruits of Prunus virginiana which were deformed by a species of 
Cecidomyia. ‘The species was discovered too late in the season to 
say whether the larvee attacked the fruit before or after the attack 
by the fungus. I believe at this time, however, that the cecid- 
omid larve attack and deform fruits which are not affected by the 


* Notes on the genus Paphrina. Ann. Bot. I, p. 168, 1887-8. 
+ Die parasitischen Exoasceen. Ab. a. d. Jahrb. etc. X, 2, p. 45, 1893. 
+ Kritische Unters. ete. Ibid. VIII, p. 29, 1891. 


. 
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fungus. Certainly the larvz control to the greater extent the 
form of the gall, which is very different from that produced by any 
hitherto known species of the Axoasceae. Neither the floral en- 
velopes nor the stamens suffer hypertrophy, the carpel alone being 
concerned. This is transformed into a peculiar hollow and open 
gall, the opening being at the base of the ovary and appearing as 
if it were formed by the cracking away of a portion of the base 
from the receptacle, as the base of the fruit by hypertrophy in- 
creases in size. The peculiar shape of the gall is shown in figs. 
15 and 16, Plate VII, reproduced from a photograph. They are 
from 1.5—2.5 cm. long and somewhat less than 1 cm. in diameter, 
being two to three times longer than broad. They are somewhat 
broader than the normal fruit and two to four times longer, as can 
be seen in the illustration in which are shown a few normal fruits 
attached to the same cluster. Sometimes only one or two of the 
fruits in a raceme are affected. This trouble seems to be a very 
common one in the vicinity of Ithaca, N. Y. Itisespecially abun- 
dant along the Dryden road between Aetna and Varna, whereit was 
first noted by Prof. J. H. Comstock. The gallis nearly oblong 
in outline, with rounded ends, a slight inflation at the middle 
anda constriction near the base, so that the very base seems to 
flame outward as if inverting. It is also more or less curved. 

The fungus does not occupy the entire gall and does not pene- 
trate to a very great depth in the tissues, while the mycelium is 
rather scanty. Sections, however, do show that the mycelium 
penetrates in the subepidermal tissue to some extent between the 
cells over a portion of the gall. The side of the gall which is 
affected by the fungus is more strongly arched than the unaffected 
side. Whether the slight curve which has thus far been observed 
to be present to some extent in all the galls examined, is caused 
by the presence of the mycelium, has not yet been determined. 
Several have been examined and the mycelium not found, but 
farther study is necessary to determine this point, and also to 
determine the exact relation of the cecedomid to it. 

Before the galls die if they are cut open, several of the reddish 
larvee of the cecidomid will be found inside clustered at the apex 
of the hollow interior. The cavity is quite large and smooth, 
and of a dark color. 
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The tissue of the gall is quite hard, especially so as compared 
with that of the ordinary ‘‘bladders’’ formed by species of Exoas- 
cus, and this taken with the scanty mycelium of the fungus and 
the peculiar shape of the gall is pretty strong evidence that the 
form of the gall is more strongly influenced by the cecidomid than 
by the fungus. 

The fungus is very different from those which are known to 
produce the ‘‘bladders’” or ‘‘pockets’’ of the fruits of Prunus. 
The asci are cylindrical or slightly clavate and rounded at the 
free ends. They are 30-40 long by 6-10 in diameter. The stalk 
cells are very broad, being 6-10 high by 10-15 in diameter. They 
are usually rounded and blunt below and do not at all intrude 
between the cells of the epidermis. The asci are scattered or 
rather loosely aggregated. Figs. 73, 78, 79, illustrate the asci, 
etc., of this species. The spores are rounded or elliptical, and 
very frequently the formation of conidia by budding in the ascus 
takes place. In a few cases I have observed the spores in process 
of formation before the wall separating the ascus from the stalk 
cell was formed. ‘Two such cases are represented in fig. 73. One 
case was observed where no wall was formed even when the ascus 
was mature and the spores occupied the entire fruit body. A few 
variations of this kind have been observed in some of the other 
species. Sadebeck records a case of the beginning of spore 
formation before the separating wall was developed. 

Occasionally on the same trees which bear the cecidomid galls 
with the Exoascus cecidomophilus Atkinson, are the old mummified 
hypertrophied fruits caused by /Avoascus confusus Atkinson (£. 
prunt of Authors). Fig. 16, Plate VII, shows a very interesting 
condition of the fruit which is sometimes seen. A single raceme 
bears several normal fruits, one mummified fruit the result of the 
attack of £. confusus in May or early June, and several fruits 
attacked both by a cecidomid and by &. cecitdomophilus in July. 


E-xoascus sp 


A species of Axoascus has been found deforming the leaves and 
twigs of Prunus virginiana, but thus far I have not seen the 
mature condition though several diligent searches have been made 
for it. To what species it belongs or whether the one in the 
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shoots is the same as the one in the leaves is not known. A few 
shoots on one tree by the roadside near Crowbar Point on the 
west shore of Cayuga Lake were found by me on June 28, 1894. 
They were enlarged for some distance from the ends and the 
greater diameter of the hypertrophied shoot was some distance 
from the end. ‘They were also curved to one side by torsion, 
usually nearly at a right angle, but in one case the torsion had 
continued until the shoot made an entire revolution and the end 
then pointed in nearly the same direction as the main part of the 
shoot. ‘This one is reproduced in fig. 18, Plate VIII. Some of 
the leaves of these same shoots were deformed by a species of 
Exoascus. Somewhat similar distortions of the leaves were found 
along the Dryden road between Aetna and Varna, July 6 and 28. 
A few only were found on a very few of the shrubs which also 
possessed the cecidomid galls. None of the shoots here were 
deformed. An examination of the tissues of the shoots and 
and leaves thus deformed showed the presence of the mycelium 
of an Axoascus. 

Fig. 84 represents the intercellular mycelium in a twig, and fig. 
80 the mycelium and very early stage of the formation of the 
hymenium in a petiole of a very young leaf in a bud of the same. 


PRUNUS DEMISSA Walp. 
E-xoascus varius? Atkinson. 


Among other specimens communicated to me by Prof. Pammel 
was one from the Herb. of Prof. Wm. Trelease, collected in Ute 
Pass, Colorado, on the leaves of Prunus demissa Walp. The 
affected spots appear to have been arched and slightly folded, 
forming rather shallow open pockets, much like those which I 
have here observed on the leaves of Prunus virginiana, to which 
P. demissa is closely related. In the specimens observed the asci 
were developed on the upper surface of the leaves forming a 
whitish coating to the spots. Some of the asci are illustrated in 
fig. 33. Without more material and fuller observations I do not 
care to definitely locate the species. It is marked Zaphrina de- 
formans. It seems to me that the proportion existing between the 
length of the stalk cells and the asci is different from that in the 
specimens on the peach, and agrees more closely in that respect 
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with the fungus on the leaves of P. sevotina L,. which I have re- 
ferred to &. varius n.sp. I would therefore provisionally refer 
it to that species. 


CONCLUSIONS. 


It is to be regretted that definite and conclusive experiments 
have not yet been made concerning the treatment and control of 
the diseases caused by the various species of the Fxvoascez, so 
that this information, which is most desired by fruit growers could 
be here confidently placed before them. It is hoped, however, 
that this contribution will give those interested a greater familiar- 
ity with the characteristics of the deformed leaves, fruits, and 
branches caused by this group of parasitic fungiand that this will 
lead to a more intelligent line of experimentation. 

It should be remembered that the species possess a perennial 
mycelium which lives in the buds or branches of the trees, during 
the winter months, of plants which once have become infected. 
That a tree once affected is likely to show the disease more or less 
every year. Climatic conditions probably influence a greater or 
less injury from year to year, so that in some years little of the 
trouble may be observed when in other years it is more common. 
This has led some to suppose that the fungi are not perennial, 
but that a fresh infection each year is caused by the spores only. 
This isa mistake. There is abundant evidence from the results 
of several investigators to show that the mycelium is perennial, 
for it has been found during the winter months, and in the spring 
has been traced as it grows from the buds or branches into the 
young leaves or fruits. It is quite possible that one source of the 
original infection of trees is from the attacks of spores. I have 
several times attempted to inoculate healthy peach trees, or un- 
affected ones, from the spores taken from freshly mature specimens 
on affected trees. This I attempted at Auburn, Ala. Not only 
were spores sown on the young leaves and buds, but pieces of 
the leaves containing mature spores, and others containing the 
mycelium only were inserted into a slit in young buds and in the 
young branches near buds. In no case did any sign of the dis- 
ease appear even after three years. Several of these incisions 
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were wrapped with moist cloth and kept moist for several days, 
while in other cases a moist chamber was made around the twig 
by covering it with quite a large test tube. Had young buds 
been inserted in the manner of budding during the month of 
August in all likelihood the disease would have appeared in a 
year or two.’ I know of no successful experiments made in 
inoculating peach or plum trees from the spores, although such 
results may have been attained. It is usually considered by most 
students of this group that it is rather difficult to secure results 
from the inoculation by spores in many of thespecies of A-voascus 
while in others it is comparatively easy. Sadebeck* succeeded 
in inoculating Alnus ¢ncana with the spores of Exvoascus epiphyt- 
Jus, and producing the characteristic disease. He says it is easier 
to produce an infection with this species than with any other of 
the species of /-voascus known to him. 

Since the mycelium is perennial in the buds or young branches 
of affected trees no buds should be taken from such trees for bud- 
ding nursery stock or budding in the orchard. Since nearly all 
of the affected leaves of the peach trees fall away before the time 
for the selection of buds, the trees should be carefully selected in 
the months of May and June in order to avoid those which have 
the disease. 

Where only a few branches of a tree are affected, pruning a 
considerable distance below the affected portion might be tried, 
especially in the case of those plum trees affected with /. mzradz- 
lis, that is those having the bud deformations. 

It may be well in concluding to give alist of the species of 
E-xoascus described here as occurring on species of Prunus in the 
United States, with their host. 

Exoascus deformans (Berk.) Fuckel, deforming the leaves and 
rarely the shoots of Prunus persica I,. 

Exoascus prunt Fuckel, deforming the fruit, causing ‘‘blad- 
ders’’ or plum ‘‘ pockets’’ of Prunus domestica IL. 

E-xoascus insititie Sadebeck, causing ‘‘ witches brooms ” and de- 
forming the leaves of Prunus pennsylvanica I,. 

E-xoascus cerast (Fuckel) Sadebeck, causing ‘‘ witches brooms ” 
and deforming the leaves of the same on Prunus avium. 


* Kritische Unters, etc., 1891. 
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Exoascus confusus Atkinson, deforming the fruit and floral en- 
velopes of Prunus virginiana L,. 

Exoascus farlowii Sadebeck, deforming the fruit and floral en- 
velopes of Prunus serotina I,. 

E-xoascus communis Sadebeck, deforming the fruits of Prunus 
maritima Wang., P. pumila l,., P. americana Marshall, P. nigra 
Aiton. 

Exoascus longipes Atkinson, deforming the fruit of Prunus 
americana Marshall. } 

Exoascus mirabilis Atkinson, deforming the leaf buds and 
twigs, forming ‘‘ pockets,” of Prunus angustifolia Marshall, P. 
hortulana \,. H. Bailey, P. americana Marshall. 

Exoascus mirabilis Atkinson var. fortilis Atkinson, distorting 
the fruit of Prunus angustifolia Marshall. 

E-xoascus rhizipes Atkinson, deforming the fruit and leaf buds 
of Prunus triflora Roxburgh. 

E-xoascus decipiens Atkinson, deforming the leaves and shoots 
of Prunus americana Marshall. 

E-xoascus decipiens Atkinson var. superficialis Atkinson deform- 
ing the surface of the fruit of Prunus americana Marshall. 

Exoascus varius deforming the leaves and shoots of Prunus 
serotina \,. and? P, demissa Wang. 

E-xoascus cecidomophilus Atkinson, affecting cecidomid galls on 
the fruit of Prunus virginiana I,. 

GEO: F. ATKINSON. 

Note. I wish to acknowledge my great indebtedness to the following 
persons who have aided me chiefly by the communication of material: Prof. 


L. H. Pammel, Prof. A. B. Seymour, Prof. T. Meehan, Prof. B. D. Halstead, 
Mr. J. B. Ellis and Mrs. Flora W. Patterson. 
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EXPLANATION OF THE PLATES. 


All the illustrations in Plates X—XIX inclusive were drawn 
with the aid of the camera lucida to the same scale. One milli- 
meter of the eye piece micrometer scale of this combination is 
drawn in each plate. The figures are magnified 30 times more 
than this scale. 

Plate I. Exoascus deformans (Berk.) Fuckel, on leaves of 
Prunus persica (1,.), peach. Fig. 1 from Ithaca, N. Veeuihe 
petioles and a portion of the stem are here also affected. Fig. 2 
from Auburn, Ala. 

Plate II. Fig. 3, Exoascus longipes Atkinson, in fruits of 
Prunus americana Marshall. One young plum at the right is 
sound and serves for comparison with the hypertrophied fruits. 
From N. Y. 

Fig. 4, Exoascus rhizipes Atkinson, on fruit and bud of Prunus 
triflora Roxburgh, Japan plum. From Auburn, Ala. 

Plate III. Figs. 5 and 6 Exoascus decipiens Atkinson in the 
leaves of Prunus americana Marshall. In 6 the shoot is deformed. 
In 5 the fruits are deformed by E. longipes Atkinson. From 
IN 

Fig. 7, Exoascus decipiens var. cecidomophilus Atkinson in 
half grown fruits of Prunus americana Marshall. The plum at 
the left shows but a few warty excrescences, while the one at the 
right is affected over a large part of the surface. From Aetna, 
N. Y., on the same tree on which E. decipiens was collected. 
Fig. 17 in Plate VIII is E. decipiens Atkinson from the same 
tree, on which the plums in fig. 7 were collected. 

Plate IV. Exoascus mirabilis Atkinson var. tortilis Atkinson, 
in fruits of Prunus angustifolia Marshall (P. chicasa Michz.). 
Only one side of the fruit is attacked. In each figure one healthy 
and one affected fruit is shown. From Auburn, Ala. : 

Plate V. Exoascus mirabilis Atkinson in buds of Prunus 
angustifolia Marshall. In figure ro several of the leaves were 
fully expanded before the bud was severely attacked. Fig. 12 
Exoascus mirabilis var. tortilis Atkinson on fruits of P. angusti- 
folia Marshall. All from Auburn, Ala. 
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Plate VI. Exoascus farlowii Sadebeck, in carpels of Prunus 
serotina L. Some of the carpels are not attacked and the flowers 
form a means of comparison with the affected ones. From 
Auburn, Ala. 

Exoascus varius Atkinson, in the leaves and shoots of the same 
branches. ‘The shoots are deformed and enlarged at the ends 
but are not developing ‘‘ witches’ brooms.’’ 

Plate VII. Exoascus cecidomophilus Atkinson, in fruits of 
Prunus virginiana L. deformed by cecidomid larve. In fig. 16 
the strongly arched sides of the galls are the places where the 
Exoascus is located. Midway of the raceme is a mumified fruit 
which was deformed by Exoascus confusus Atkinson, earlier in 
the season. In each raceme are healthy fruits. From near 
Aetna, N. Y. 

Plate VIII. Fig. 17, Exoascus decipiens Atkinson, blacken- 
ing the leaves and shoot of Prunus americana Marshall. From 
Aetna, N. Y. 

Fig. 18, Exoascus sp. deforming the shoot and leaves of 
Prunus virginiana L. From near Crowbar Point, west shore 
Cayuga Lake, N. Y. : 

Plate IX. EHxoascus communis Sadebeck. Deforming the 
fruits of Prunus pumila L. From Horticultural grounds, Cor- 
nell University. 

Plate X. Figs. 20-22. Exoascus deformans (Berk.) Fuckel. 
a. ascus, s/. stalk cell, Ay. cells of the hymenium, ef. epidermis, 
m. mycelium. Fig. 20 from LaFayette, N. Y., fig. 21, from Tem- 
ple, N. H. Some of these asci have but four spores. Fig. 22 
from Ames, Iowa. 

Figs. 23, 24, Exoascus insititize Sadebeck, on leaves of Prunus 
pennsylvanica L,., from Temple, N. H. 

Fig. 25, Exoascus cerasi (Fuckel.) Sadebeck, from leaves of 
Prunus avium L,., Germantown, Penn. 

Plate XI. Figs. 26-32, Exoascus varius Atkinson on leaves of 
Prunus serotina L. Figs. 26-29 from Auburn, Ala., 30-31 from 
Smyrna, Del., 32 from Temple, N. H. Fig. 33 E. varius? from 
leaves of Prunus demissa Walp., Ute Pass, Colorado. 

Plate XII. Figs. 34-36, Exoascus farlowii Sadebeck, on fruits 
of Prunus serotina L. Figs. 34-36 from Auburn, Ala., 35 from 
London, Canada. 
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Figs. 37-39, Exoascus.confusus Atkinson, on fruits of Prunus 
virginiana I. 37 from Forest Home, N. Y., 38, 30,0teous 
‘Taburg,. Ni Y- 

Plate XIII. Figs. 40-43, Exoascus communis Sadebeck ? or 
EK. mirabilis var. tortilis Atkinson? From deformed fruits of 
Prunus americana, cultivated varieties ; 40, 41, 43, Cheny variety, 
42, Baldwin variety. From Iowa. 

Figs. 44, 45, Exoascus pruni Fuckel on fruit of Prunus domes- 
tica L., from Wisconsin. 

Plate XIV. Exoascus longipes Atkinson, on fruit of Prunus 
americana Marshall. Fig. 46, section showing young hymenium 
etc., ¢., cuticle, 4., hymenium, ¢f., epidermis, #., mycelium. 47, 
older hymenium showing the lower ends of the cells making their 
way in between the cells of the epidermis. 48, 50, 51, mature 
asci showing the stalk cells penetrating between the cells of the 
epidermis. 49, showing the successive development of the later 
hymenium and ascogenous cells. 52, a portion of the fruit where 
the subcuticular mycelium was not well distributed. From 
Danby, N. Y- 

Plate XV. Exoascus rhizipes Atkinson, on fruit and bud of 
Prunus triflora Roxburgh. 53 and 55 from bud, 54, 56, 57, from 
fruit. Fig. 54 shows the young hymenium with the lower 
ends of the cells growing down between the cells of the 
epidermis. In the mature asci specimens are seen the rhizoids 
growing from the stalk cells. 57 represents some of these grow- 
ing from the lower part of the ascus. Older fruit bodies have a 
much greater number of rhizoids. From Auburn, Ala. 

Plate XVI. Exoascus communis Sadebeck. Figs. 58 and 59 
from fruit of Prunus maritima Wang., Dartmouth, Mass. 60, 
from fruit of Prunus nigra Aiton, Alma, Mich. 

Plate XVII. Figs. 61, 62, 63, 66, 67, Exoascus mirabilis 
Atkinson. 61 and 62 (type) from bud of Prunus angustifolia 
Marshall, Auburn, Ala., 63 from same in Iowa, 66 and 67 from 
buds of Prunus americana, Iowa. 

Figs. 64 and 65, Exoascus mirabilis var. tortilis Atkinson, on 
fruit of Prunus angustifolia Marshall, from Auburn, Ala. 

Plate XVIII. 70 and 72, Exoascus mirabilis Atkinson on buds 
of Prunus hortulana, L. H. Bailey, from Iowa, 71 same on P. 
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hortulana var. mineri., from Iowa. Fig. 68, highly developed 
specimens on bud of P. hortulana, Iowa. Fig. 69 from bud of 
Prunus domestica, N. J. 

Fig. 73, Exoascus cecidomophilus Atkinson, on fruits of 
Prunus virginiana L. deformed by cecidomid larve. From 
Aetna, and other places in the vicinity of Ithaca, N. Y. 

Plate XIX. Figs. 74-77, Exoascus decipiens Atkinson, on 
leaves of Prunus americana Marshall, from Danby, N. Y. 

Figs. 78 and 79 Exoascus cecidomophilus Atkinson from fruits 
of Prunus virginiana L. deformed by cecidomid larvze. In the 
vicinity of Ithaca, N. Y. 

Plate XX. 81, 82 and 83 Exoascus mirabilis Atkinson from 
Prunus angustifolia Marshall, Auburn, Ala. 81 young hymen- 
ium and intercellular mycelium, 82 mature asci showing the con- 
nection of a portion of the hymenium with the mycelium, 83 
superficial view of a portion of the hymenium. These figures are 
drawn to a different scale from 84 and 80 and this entire Plate is 
reduced more than Plates X—XIX. 

Fig. 80 is from a petiole of a deformed bud and 84 from a de- 
formed shoot of Prunus virginiana lL. on which the fungus was 
not mature. In 80 is shown the intercellular mycelium and the 
very beginning of the hymenium underneath the cuticle. In 84 
is shown a portion of the intercellular mycelium, after treatment 
with chloral hydrate. 


(Exoascus deformans (B.) Fuckel.) 
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PLATE I.—/Prunus persica (L. 


PLATE Il.—Fig. 37.—Prunus americana Marshall, wild red plum (Exoas- 
cus longipes Atkinson). Fig. 4, Prunus trifilora Roxburgh, Japan 
plum (Exoascus rhizipes Atkinson). 


« 
; * 
a 
Soya” 
. eee 
- ee ae" 
& 
3 a 
i @ 
a os 
“ft 
it 
Bs =e 
-u 
3 
‘ _ 
‘ ri 
- a 
‘ 
‘ a 
Pe 


‘s 
‘ 
. 
uF 
Cat : © 
7 
, 
> 
< 
; 
are 
ae 
=f 
VAP 4 
a? 
. 


PLATE 111.—Prunus americana Marshall, wild red plum (fig. 5 Exoascus 
longipes Atkinson, in ovaries; E. decipiens Atkinson in leaves, fig. 
6, E. decipiens Atkinson in shoot. Fig. 7, E. decipiens Atkinson 
var. superficialis Atkinson, in surface of half grown plums). 


PLATE IV.—Prunus angustifolia Marshall, Chickasaw plum ( Exoascus 
mirabilis Atkinson var, tortilis Atkinson in plums). 


PLATE V.—Prunus angustifolia Marshall, Chickasaw plum (figs. 10 and 11, 
Exoascus mirabilis Atkinson in buds; fig. 12, Exoascus mirabilis 
var. tortilis Atkinson in plums). 


4 a Fag 
. pe 1% 
’ ee 
- f 
ay pap 
i vs. * 
mT 
© oo - 
. a > 
* _ - se 
7 ~ . ‘ 
i i ' 
= ? . a Me 
i . ry eit -) 
a) 
> ‘ rs = s 4 
* = ." até. 
— - =. . 
- a ae 5 
. ‘ ae ‘ 
; 


Set 


’ 


B&F 
\ 


* he i; 
PLATE VI.—Prunus serotina L., wild black cherry (Exoascus farlowti Sadebeck in carpels, Exoascus varius Atkinson in 
leaves and shoots). 
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PLATE VII.—Prunus virginiana L., choke cherry (E£xoascus cecidomophilus 
Atkinson in fruits deformed by cecidomid larve. 


PLate VII.—Fig. 17, Prunus americana Marshall, wild red plum (Exoascus 
decipiens Atkinson blackening the leaves and shoot). Fig. 18, Prunus vtr- 
giniana L., choke cherry (Exoascus sp. deforming the leaves and shoot.) 


PLATE IX.—Prunus pumila L., dwary cherry 
(Exoascus communis Sadebeck). 


PLATE X.—/igs. 20-22, Exvoascus deformans ( Berk.) Fuckel, (on P. persica 
L.). Figs. 23,24, Exoascus insititic Sadebeck (on P. pennsylvanica 
L.). Hig. 25, Exoascus cerasi ( Fuckel) Sadebeck, (on P. 
avium L.). 
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PLATE XI.—/7gs. 26-32, Exoascus varius Atkinson (on P. serotina L.). 
Fig. 33, E. varius? (On P. demissa Walp.). 
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PLATE XII.—Figs. 34-36, Exoascus farlowii Sadebeck (on P. serotina L.). 
Figs. 37-39, Exoascus confusus Atkinson (on P. virginiana L.) 


D_) ae at 


x 
~ 


~ tine 
ane 


"\ 


G0? t's 


Ie ae 


~ - OF 


hin 


PLATE XIII.—Figs. go-43, Exoascus communis Sadebeck ? or E. mirabilis 
Atkinson var. tortilis Atkinson? (on deformed fruit, P. ameri- 
cana Marshall). Figs. 44, 45, Exoascus pruni Fuckel (on 
P. domestica L.). 
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—Exoascus longipes Atkinson (on P. americana Marshall). 


PLATE XIV. 


P. triflora Roxburgh) 
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PLATE XV 


PLATE XVI.—Exoascus communis Sadebeck (58,59 on P. maritima Wang., 
60 on P. nigra Aiton). 
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PLATE XVII.—/igs. 67, 62, 63, Exoascus mirabilis Atkinson (on P. angustt- 
Jolia Marshall) ; 66, 67, E. mirabilis Atkinson (on P. americana Mar- 
Shall) ; 64, 65, E. mirabilis var. tortilis Atkinson (on P, an- 
gustifolia Marshall). 


PLATE XVIII.—Figs. 68, 70, 77, 72, Exoascus mirabilis Atkinson (on P. 
hortulana L. H. Bailey, 71 on var. minert). 


69, Exoascus sp. (on 
shootof P. domestica L.). Fig.73, Exoascus cecidomophilus 


Atkinson (on P. virginiana L.). 
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PLATE XIX.—Vfigs. 74-77, Exoascus decipiens Atkinson (on P. americana 
Marshall ); 78, 79, E. cecidomophilus Atkinson (on P. virginiana L.). 
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PLATE XX.—Figs. 87, 82, 83. Exoascus mirabilis Atkinson (on P. angusti- 


on P. virginiana L.). 
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JSolia Marshall), 80, 84, Exoascus sp. 
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CoRNELL UNIVERSITY, ItHaAcA, N. Y., October 1, 1894. 
THE HONORABLE COMMISSIONER OF AGRICULTURE, ALBANY. 
Sir: The following review of the condition of the peach in- 
dustry in the Fifth Judicial Department of the state, is submitted 
for publication under Section 87, Chapter 675, of the laws of 1894. 
Various experiments in the treatment of peach diseases and in the 
fertilizing of peach orchard lands are now under way. 
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PEACHES IN WESTERN NEW YORK. 


I. GENERAL REMARKS. 


BOUT 9,000 acres are devoted to commercial 
peach orchards in western New York,—that 
region trom Cayuga and Tompkins counties 
westward. There are small peach orchards 
scattered throughout the greater part of this 
; area, except in the southern tier of counties, but 
> . Gy, the major part of the peach industry is com- 
ee” prised in the Niagara-Ontario district, begin- 
ning at aes just north of Niagara Falls, and running eastward 
along the Ontario slope nearly to Rochester. This district lies in 
the counties of Niagara and Orleans. There areabout 5,000 acres 
of peach orchard in Niagara county and about 1,000 in Orleans. 
These orchards, for the most part, lie to the north of the Ridge, 
which is a natural elevation or embankment lying from five to 
eight miles back from the lake. Thesecond largest peach district 
in western New York lies about Seneca Lake. Here there are 
about 1,000 acres of peach orchards. There are about 400 acres 
in Livingston county, mostly on the gravelly hills about Mt. 
Morris ; and at this place is the largest peach orchard which I 
know in the state, that of John F. White, comprising 200 acres. 
On Keuka Lake there are about 300 acres of peaches, and on 
Cayuga something less than 200 acres. 

After having made a careful study of the horticulture of New 
York state, I am convinced that the peach industry suffers 
more from careless and unscientific methods than any other 
pomological interest. The greatest fault lies in the cultivation, 
or, I might have said, in the lack of cultivation. The second 
fault is inattention to borers and yellows; the third is neglect to 
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thin the fruit ; and the fourth is carelessness and untidiness in 
marketing. ‘There are many orchards in western New York 
which receive every care and attention, but by far the greater 
number are neglected in one or many respects. I have attempted. 
during the past summer, to examine carefully every peach dis- 
trict in the Fifth Judicial Department, and I shall here attempt to 
set down what appear to be the chief defects in our peach industry. 

Locations and soils for peaches.—There is much territory in 
western New York which is admirably adapted to peach growing, 
but which is now used for other purposes. The slopes adjoining 
the interior lakes are, no doubt, capable of great development in 
this direction, for here the severities of winter arestempered and 
serious late spring frosts are infrequent. ‘The industry could be 
extended to several times its present dimensions in the Niagara- 
Ontario district ; and the higher and looser lands in some interior 
sections are well adapted tothe peach. The Chautauqua district, 
lying against the eastern end of Lake Erie and now given over 
very largely to the growing of grapes, is also, no doubt, naturally 
well suited to peach raising. A conservative estimate would 
place the lands of western New York which are well adapted to 
the peach at 60,000 acres. 

On the other hand, many of the peach orchards of western New 
York are planted upon land which is wholly unsuited to them, 
such as heavy clay soils, or low lands which have very imperfect 
drainage of both water and air. The ideal peach soil is a deep sand. 
Upon such lands the trees make a hard growth, the wood matures 
early, the trees bear young and the fruit is highly colored and 
flavored. The regions which have become most famous as 
peach growing centers are those of a sandy formation, as the 
lands of many parts of the south, of Delaware and New Jersey, 
and of the ‘‘ peach belt’ on the eastern shore of Lake Michigan. 
Some of the best peach orchards which I know are upon lands 
which were once thought to be worthless ; and the one shown in 
Fig. 3 stands on sand which, before the orchard was set, was so 
loose that it drifted in the wind. Warm sandy lands abound along 
the Ontario shore, and it is upon them that the peach orchards 
of that region are giving the best returns. Vet, peaches will 
thrive upon heavier lands, even upon clay; but they are rarely 
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so productive upon heavy lands unless they are severely headed in. 
Upon such lands the trees run strongly to wood and they often 
split down from the weight of foliage alone, when disturbed by 
wind. The shaley or gravelly slopes about the central New York 
lakes are generally well adapted to the peach ; and there is a line 
of morainic hills in western New York which could probably be 
planted to peaches with eminent success. In interior localities— 
away from the lakes—it is generally only upon elevated land that 
peaches thrive. These are lands which are naturally well drained 
and they escape the late spring frosts which are frequently so dis- 
astrous to peach buds in lower places. It is sometimes said that 
in these interior places trees should not be set upon southern ex- 
posures, for in such places the buds are likely to start too early in 
spring. This is no doubt good advice ; but it should be under- 
stood that it may not apply to lands within the influence of bodies 
of water of considerable size. The areas about the interior lakes 
' which are safe for peaches are usually only a mile or two wide 
and sometimes they appear to be confined to the farms which lie 
directly on the shore. The once famous peach district of the 
eastern shore of Cayuga Lake was confined within a strip three 
or four miles wide. 

Cultivation and fertilizing of the peach orchard.—Having se- 
lected his land, the peach grower must look with the greatest care 
to the cultivation and fertilizing of his orchard. Peach orchards 
should never be cropped after the third year ; and if they are 
planted upon sandy lands, which are best adapted to them, and 
particularly if set less than 20 feet apart, they should never be 
cropped from the time they are set. The tillage described in Bul- 
letin 72 is the only reasonable treatment for the land in a peach 
orchard,—very frequent stirring of the surface soil from May until 
August, and thereafter, perhaps, a green crop, which shall be 
plowed under the next spring. Never, under any circumstances, 
seed down a peach orchard! Never sow it to grain! Lack of 
tillage is ruinous, andI am astonished that farmers do not see this 
fact when bewailing the unprofitableness of their sod-bound, 
drouth-sick and borer-cursed orchards! If there is any fruit 
which should never be neglected it is the peach; and this is why 
careless men do not succeed with it, and why so many of the 
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orchards which I have seen this summer produce only debts and 
exasperation. 

But here comes a difficulty : it is easy to produce an overgrowth 
upon strong lands. The trees grow toa great size during the 
first few years, their tops are full of heavy leaves and the foliage 
holds very late in the fall. These trees generally bear tardily and 


I. Michigan peach orchard eight years old, with vase-form trees. 


in some cases they are never very productive of fruit. They run 
to wood. The winds tear them to pieces. The first trouble lies 
in the land ; it is too strong for the peach. The second trouble 
may be the too free use of barn manures or other nitrogenous fer- 
tilizers, or too late cultivation in the fall. In 1889 I set several 
varieties of peaches in the University gardens upon soil which 
had been well manured in previous years, and the land has since 
been used for garden vegetables which have been well and some- 
times even excessively manured with stable manure. The trees 
have now passed their sixth summer, but not one of them has 
borne two dozen peaches. Yet they are models of thrift, and the 
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large heavy leaves are as green this middle of October as they were 
in June. Some of them have been entirely ruined by storms, and 
now the lustiest one of the lot has got the yellows ! 

I believe that the key-note to the proper fertilizing of peach 
orchards is potash and phosphoric acid and not nitrogen. Ashes, 
muriate of potash, bone fertilizers, these are some of the money- 
makers for peach trees. Tillage, with green manure crops at the 
end of the sea- 
son, can be relied 
upon to furnish 
the nitrogen in 
most instances ; 
and I am not 
sure but that it 
is even possible 
to plow under too 
much vetch or 
crimson clover in 
the course of 
years. We have 
been taught all 
along that nitro- 
gen lies at the 


foundation of 
successful agri- 2. Vase-form tree, ro years old. From life. (Michigan.) 


culture, and this is true; but its greatest benefits, when it is 
applied artificially, are to be expected upon the annual crops of 
the farm and garden. It can also be applied advantageously, 
in some cases, to newly-set fruit plantations. I do not wish to 
disparage the use of nitrogen, for even in bearing orchards a 
direct application may sometimes be necessary ; but I desire to 
state what I believe to be a fundamental consideration in orchard 
culture, that nitrogen can easily be used to excess and that it can 
generally be obtained by means of tillage and green manure, and 
also that potash and phosphoric acid need to be annually applied 
to orchards of bearing age. 


There are direct experiments which show the effects of various 
fertilizers upon the peach. These were made upon an extensive 
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base by Dr. E. F. Smith when studying the relation of fertility 
to peach yellows. The effect of the fertilizers upon the trees was 
incidental to the subject in hand, but the record* of the investiga- 
tion is valuable to those who are interested in fertilizing peach 
lands, as well as those who are studying the yellows. It was 
found that the nitrogenous manures produce quick results, whilst 
the potassium and phosphorous generally show their effects more 
plainly the second or third years. The following citation will 
show the effect of a nitrogenous fertilizer in stimulating growth 
and delaying maturity : 

Kighty-four trees received Peruvian guano at the rate of 12 lbs. 
per tree on April 25, 2889. On August 22, 1889, the trees were 
found to have ‘‘ made a most astonishing growth. * * The 
maturity of the season’s growth has been retarded and the energy 
of the trees has gone to the production of an excessive amount of 
wood and foliage. The latter is now so abundant and so green 
that the block can be distinguished readily one-half mile away. 

* * Some of the trees bore a few peaches, and the effect of 
the guano was to retard maturity. The fruit was also inferior, 
and some of it withered green instead of ripening, a fact never 
before observed in this orchard.’’ 

Pruning peach trees.—The methods of pruning peach trees are 
the occasion of much discussion amongst pomologists. The dif- 
fences of opinion turn chiefly about three practices,—short trunks 
with rapidly ascending branches, high trunks with more horizon- 
tal branches, and shortening in or heading back the annual growth. 
Each of these three methods of handling or training peach trees 
has ardent advocates and pronounced opponents. It is probable 
that each system has distinct merits for particular cases. I believe 
that the nature and fertility of the soil are the dominating factors 
in these opposing methcds. A system of pruning which fits the 
slow growth and hard wood of sandy soils may not be adapted to 
the rapid growth and heavier tops of trees on strong soils. Fig. 
1 shows what I believe to be, in general, the best method of 
pruning peach trees upon sandy or what may be called peach 
soils. It is the natural method. The tree is allowed to spread 


* Experiments with Fertilizers for the Prevention and Cure of Peach Yel- 
lows. Bull. 4, Div. Veg. Pathology, Dept. Agric. 
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its top at will with no heading in. The foliage is comparatively 
light and does not place great weight upon the branches, and the 
trees, upon such lands, do not grow quickly to such great size as 
upon heavy lands. This method of allowing a tree to make its 
natural top, is the common one in the Chesapeake peninsula (Fig. 
4) and in the Michigan peach belt (Figs. 1, 2, 3). It will be 


3: 1.) 


observed, also, that the pictures to which I have referred show 
trees with short trunks and forking branches. It is a prevalent 
opinion in this state that such trees are more likely to split down 
with loads of fruit than those which have more horizontal 
branches (as in Figs. 5 and 6), but I think this to be an error. 
Of course, some care should be exercised to see that the branches 
do not start off from the trunk at exactly the same height, thus 
making a true fork or Y. With this precaution, the crotchy trees 
are no more likely to split than the others, while they allow of a 
much better form of top, unless the tree is to be headedin. I 
have taken particular pains this year to observe the breaking of 
loaded peach trees, and I find that the limbs much oftener break 
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in two than they split at a crotch, and orchards in which the trees 
are pruned after the manner of Figs. 1 to 4 have in no case suf- 
fered more than others. In fact, the horizontal branches of the 
high-topped trees often appear to carry a load of fruit with less 
ease than the more upright branches of the other style of train- 
ing. ‘This danger of breaking is greatly lessened if the fruit is 
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g. Vase-form trees, six years planted. (Maryland.)* 


properly thinned. The low trunk allows of a more open top, 
and this seems to be an advantage. One is often surprised at the 
thinness of top in the best peach orchards of Delaware and 
Michigan. In such tops, the peach should color up better, and it 
is reasonable to expect less trouble from fungi. 


* For a contrast of the Michigan and Chesapeake methods, with an account 
of variations in the sizes of the trees, see American G urden, 1890, 20. 
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Yet there is much to be said, fairly, for the high-topped trees. 
They are more easy to till and it is quite as easy to pick their 
fruit; and there is less tendency to make long and sprawling 
branches as a result of careless pruning. On rich lands, it is per- 
haps the better method. And here is the chief reason for head- 
ing back in this climate,—the necessity of checking the growth 
and keeping the tree within bounds when it is growing in a strong 
soil. Whether one shall head in his trees or not, therefore, must 
depend entirely on circumstances. In sandy peach lands it is gen- 
erally unnecessary, but it may be a good practice when trees make 
an over-exuberant growth. ‘This heading in is usually done in 
the winter, from a third to half the annual growth being removed. 
It is sometimes done also in the summer, but it is very doubtful 
if this is a wise practice. Fig. 6 shows an orchard a dozen years 
old which has been headed in both winter and summer for a num- 
ber of years. The summer trimming is usually made in June, by 
clipping off an inch or two of the ends of the tender shoots by 
means of a sickle or sword. 

Heading in the branches always makes a thick-topped tree. 
The Michigan growers usually give much attention to cutting out 
the small unprofitable wood from the center of the tree. This 
labor may be greatly increased if heading in is practiced. Many 
orchards of this state have suffered much during the last two 
years from twig-blight in these central shoots. This difficulty is 
discussed farther on (page 379, Fig. 8). 

Thinning the fruit.—There is almost universal neglect in thin- 
ning the fruit in this state. Every peach grower knows that 
good fruit cannot be grown upon overloaded trees, and yet he re- 
fuses to thin and forthwith blames the maiket! It should bea 
rule that no two peaches should stand closer together than five 
inches of one another. ‘The spray upon the title-page shows, ap- 
proximately, the distance at which peaches should stand apart. 
No work of the orchard pays better than this thinning of the 
fruit, either in the price which the remaining produce brings in 
the market or in the vital energy which is saved to the tree. Peach 
trees which are regularly thinned should bear every year, barring 
injuries from winter or spring frosts. Growers seem to forget that 
this fruit must all be picked sooner or later, and that the work is 
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more easily done in June or July than in September. The thin- 
ning should be delayed until the fruit is the size of the end of 
one’s thumb, for by this time the ‘‘June drop’’ (see p. 383) has 
occurred, and the peaches can be readily seen and handled. 
Marketing the fruit.—But if growers are negligent in thinning 
the fruit, they are too often positively careless in marketing it. 
Even in this year of low prices, fancily or nicely packed fruit has 
brought good prices, wholly independent of its quality. The hand- 
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5. Peach orchard with long trunks and round-head training. (Michigan.) 


some boxes of California peaches, containing 60 wrapped fruits, 
have sold from $2.00 to $4.00, and yet they are generally very in- 
ferior in quality when they reach our markets. Alongside these 
peaches, shipped several thousand miles, our peaches have sold 
for 25 cents to 75 centsa half bushel. 

There are several faults with our method of handling peaches. 
The packages are too large. The fruit is not graded and selected; 
in fact, it is not well grown. ‘There are often no wooden cov- 
ers on the baskets, and, as a consequence, that part of the pack- 
age which should look the best is usually the most jammed and 
crushed. In observing the markets this summer, I found that 
quite half the packages were not full when they reached the sales- 
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man and the peaches comprising the two or three top layers had 
chased each other around the basket until they were scarcely re- 
cognizable. The peaches had evidently been dumped into the 
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basket and they settled as soon as placed upon the cars. Our 
method of handling peaches is the very best advertisement of the 
handsome Pacific coast fruit. In that fruit,every individual peach 
is sound and perfect; in eastern fruit, the peaches often run 
through the package and are sold in the liquid state ! 
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Varieties.—Amongst varieties, the Melocoton family is still the 
most prominent in western New York. The old Red-Cheek 
Melocoton, from which the family sprung—or at least, varieties 
under that name—is occasionally seen and recommended, but it is 
doubtful if the original form of it is now known. This important 
family of peaches is known by a firm yellow flesh, free stone, red- 
splashed cheek, and a prominent tip-like projection at the apex. 
Its chief representatives now-a-days are the Early and Late Craw- 
fords. Some orchards are composed almost entirely of these 
varieties, particularly in Niagara county, although there are 
several somewhat differing forms or strains under each name. I 
am inclined to think that the Crawfords are planted too exclusively 
and that the time has come for the freer introduction of other 
sorts. Amongst recent varieties of this type, the Brigdon or Gar- 
field receives most praise in western New York, although Foster — 
and Chair’s Choice are popular wherever known. Although the 
white-fleshed peaches, as a class, are superior in quality to the 
yellow-fleshed, yet consumers demand the yellow varieties almost 
exclusively. I have solicited lists of the very best market peaches 
from well posted men in various parts of western New York, and 
they are detailed below : 

H. S. Anderson, Union Springs, Cayuga Co.—Alexander, 
Mountain Rose, Early and Late Crawford, Old Mixon Free. To 
these might be added Wheatland, Wager, Foster and Salway. 

S. D. Willard, Geneva, Ontario Co.—Horton’s Rivers, Hynes’ 
Surprise, Yellow St. John, Brigdon or Garfield, Red-Cheek 
Melocoton, Stevens’ Rareripe, Willet, Salway. Elberta promises 
well. 

E. Smith & Sons, Geneva.—Atlanta, Yellow St. John, Early 
Crawford, Brigdon, Potter (new), Lamont (new), Late Crawford, 
Stevens’ Rareripe, Wager. 

T. C. Maxwell & Bros., Geneva.—Crosby, Hill’s Chili, Elberta, 
Brigdon or Garfield, Stevens’ Rareripe, Red-Cheek Melocoton, 
and probably a few Early and Late Crawford. 

Geo. G. Atwood, Geneva.—Alexander for first early, Early 
Rivers, Brigdon, Stevens’ Rareripe. 

C. W. Stuart & Co., Newark, Wayne Co.—Foster, Brigdon, 
Wheatland, Hill’s Chili, Longhurst, Stevens’ Rareripe, Wager, 
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Early Rivers, Early York, Early and Late Crawford, Elberta, 
Hynes’ Surprise, Mountain Rose. 

C. H. Perkins, Newark.—Early Michigan, Hale, Early and 
Late Crawford, Foster, Michigan Chili, Barnard, Wheatland. 

Geo. C. Snow, Penn Yan, Yates Co.—Early Rivers, Wager, 
Yellow Alberge, Hill’s Chili, Salway. 

John F. White, Mt. Morris, Livingston Co.—Elberta, Foster, 
Early and Late Crawford, Brigdon, Wheatland,—all yellow. 
Mountain Rose, Stump, Old Mixon Free, for white. 

Dewane Bogue, Medina, Orleans Co.—\olo, Alexander, Karly 
Rivers, Honest John, Early and Late Crawfords, Foster, Hill’s 
Chili, Old Mixon Free, Morris White, Smock. 

Julius Harris, Ridgeway, Orleans Co.—Karly and Late Craw- 
fords have been the most profitable varieties with me. 

H.. H. Bickford, Johnson’s Creek, Niagara Co.—I should plant 
chiefly Early and Late Crawfords. Smock is too late for this 
locality. 

W. T. Mann, Barkers, Niagara Co.—FEarly and Late Crawford, 
Foster, Reeve’s Favorite. Among white varieties I should choose 
Mountain Rose, Stump, Old Mixon Free, Ward’s Late White. 
Elberta is promising. 

F. M. Bradley, Lake Road, Niagara Co.—Early Crawford is 
our only peach which can be classed as first for market. Yellow 
St. John is good. Elberta is promising, but is much subject to 
curl-leaf. a 

E. M. Moody, Lockport, Niagara Co.—Karly Rivers, Mountain 
Rose, Early and Late Crawford, Smock, Salway. 

Peter S. Tower, Youngstown, Niagara Co.—Karly and Late 
Crawford, Reeve’s Favorite, Globe, Smock, Old Mixon Free. 

Henry Lutts, Youngstown.—Harly Rivers, Hynes’ Surprise, 
Yellow St. John, Early Crawford, Old Mixon Free, Reeve’s Fa- 
vorite, Wheatland, Chair’s Choice, Late Crawford, Globe, Beer’s 
Smock, Gary’s Hold On, Billyer’s Late, Salway. 
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II. ENEMIES AND DISEASES. 


Neglect is the most widespread enemy to peach growing in this 
state. Not only are neglected orchards more liable than others 
to the attacks of borers and other pests, but they become weak 
and stunted through starvation. Sod-bound peach orchards are 
always poor and unprofitable. They have what Professor Roberts 
calls ‘‘ timothy yellows,’’ a condition which is far more serious in 
this state than the true and much-dreaded yellows. ‘The frontis- 
piece shows an orchard which ‘‘somehow hain’t done well.’’ 
The trouble is that the owner has tried to raise timothy, sumac, 
briers and peaches all at the same time. The trees, in the vigor 
of their youth, bore one crop, ‘‘ but then they seemed to get the 
yellows.’’ But it is timothy yellows only. An examination of 
the orchard, covering many acres, did not reveal a single speci- 
men of the yellows, although nearly all the fruit ripened prema- 
turely and never attained more than half the normal size. But it 
was as well as trees on one-fourth rations and boarding an army 
of borers at the same time could be expected to do. 

This picture calls to mind the history of the perishing peach 
industry of the eastern slope of Cayuga Lake; and this history 
may be taken as a type of the failure of the peach in many parts 
of the north. ‘‘ A generation and more ago, peaches were plenty 
here, but now we cannot growthem.’’ This I hear everywhere,— 
in Michigan, Ohio, New York and New England. ‘There are 
many theories to account for this failure. Oftenest, perhaps, it is 
attributed to change of climate, but we have no proof that any 
considerable climatic change has occurred, while it seems to be 
true that the northern peach frontier is holding its own or is even 
advancing. In New York, the failure is often attributed to yel- 
lows, that disease which seems to exist as a vague and indefinable 
alarm in the minds of the general agricultural population. Yel- 
lows is said to have wiped out the peach growing of the Cayuga 
belt, and it was with much curiosity that I undertook an explora- 
tion of this region the present summer. Twenty years ago 
a million peach trees, it is said, could be seen upon the eastern 
shore from one point upon the west side, but now there are only 


PEACHES IN WESTERN NEw YORE. 375 


a few scattered orchards. Here, then, may be found the secret of 
this strange falling off of the peach trees in all parts of the coun- 
try in these recent years. 

Slanting towards the lake and pouring into it their drainage of 
water and cold air, laterally drained by deep ravines and pro- 
tected from sweeping winds by lines of wood, these Cayuga lands 
seem to be admirably adapted to the peach. But I found that the 
region had never been a peach belt, in the sense in which that 
term will apply to the best part of the Niagara district or to the 
Lake Michigan belt. In other words, peaches had never been a 
leading industry there, but the orchards had been planted here 
and there near the lake as a very minor appendage to the general 
farming. For a generation or two of trees the insect pests were 
not common. ‘There were no good markets and the fruit sold as 
low as twenty-five cents a bushel from the wagon box. In fact, 
it was grown more for the home supply than with an idea of ship- 
ping it to market. Under such conditions, it did not matter if 
half the crop was wormy or if many trees failed and died each 
year. Such facts often passed almost unnoticed. The trees bore 
well, to be sure; but the crop was not measured up in baskets 
and accounted for in dollars and cents, and under such conditions 
only the most productive trees left their impress upon the mem- 
ory. ‘The soils had not undergone such a long system of robbery 
then as now. When the oldorchards wore out, there was no par- 
ticular incentive to plant more, for there was little money in them. 
Often the young and energetic men had gone west, there to repeat 
the history perhaps, and the old people did not care to set or- 
chards. And upon this contracting area, all the borers and other 
pests which had been bred in the many old orchards now concen- 
trated their energies until they have left scarcely enough trees in 
some localities upon which to perpetuate their kind. A new 
country or a new industry is generally free of serious attacks of 
those insects which follow the crop in older communities. But 
the foes come in unnoticed and for a time spread unmolestedly, 
when finally, perhaps almost suddenly, their number becomes so 
great that they threaten destruction, and the farmer looks on in 
amazement. 

The cause of the failure of these early orchards, therefore, is the 
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gradual dying out of the old system of agriculture and the coming 
in of special industries. ‘The methods followed with success a gen- 
eration and more ago are not profitable in the sharper competi- 
tions of the present time. At least, there is not the smallest evi- 
dence that there is any unusual or insurmountable difficulty in the 
way of peach growing in this once famous Cayuga region. What 
yellows exists seems to have come in very recently. Good cul- 
tivation and attention to borers and the other difficulties to which 
peaches are everywhere subject, will enable the people in that 
region to grow better orchards than were ever grown there in 
former times. This statement is proved by the partial success 
which is even now attending those parts of the seven remaining 
orchards which are receiving as much as indifferent care. 


A very brief enumeration of some of the most serious and wide- 
spread insect and fungous troubles of the peach in western New 
York, will serve to call the attention of peach growers to the 
dangers which threaten them.* 

The common seach tree borer is unquestionably the most de- 
structive pest of peach trees in this state. It is particularly 
abundant in neglected orchards. The ‘‘worm’’ or larva is the 
offspring of a handsome wasp-like moth which flies only during 
the day and which lays the egg upon the bark during June, July and 
August, in this latitude. The eggs are usually laid at or near 
the surface of the ground, although a crotch or other portion of 
the tree may be selected. The presence of the borer, which works 
beneath the bark and in the sapwood, is shown by a great exuda- 
tion of gum. Many operations are advised with a view of pre- 
venting the moths from laying eggs, such as washing the trees 
with soap or other materials, removing the earth from the base of 
the trees, hilling up the trees, and applying protecting materials 
like tarred paper or bandages, but all these methods are uncer- 
tain and some of them are perhaps wholly ineffective. The only 
safe course is to dig the borers out in late spring and in fall. 
This entails some labor, to be sure; but then, it is the price of 
peaches ! 


* For a full description of the yellows, see Bulletin 75. 
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The fruit bark-beetle or pin-hole borer (Scolytus rugulosus) is 
coming to be a serious pest in this state. The black beetle 
is only a tenth of an inch long, and it bores through the 
bark of the trunk and branches of the plum, peach, apricot, 


7. Holes of fruit bark-beetle or pin- 
hole borer (Scolytus rugulosus). 


cherry, pear, apple, quince 
and some ornamental 
trees.|) It.cuts a clean 
round hole the size of 
a large pin, and limbs 
or trunks which are badly 
attacked look as if they had 
received a charge of very 
fine shot. I have been 
called to see two peach or- 
chards which were supposed 
to have the yellows, but 
most, if not all, the diff- 
culty lay in the punctures 
of these tiny beetles. A 
piece of a branch from one 
orchard is shown natural 
size in Fig. 7. If one looks 
closely. he sees the minute 
holes, and below them a 
lump of gum which has 
oozed from the punctures. 
Upon the same farm, dead 
apricot trees were found to 
be completely riddled by 
these pests, the entire bark 
of the trunk being loosened 
from the wood by the 
burrowing of the insects. 


Here, too, the larvee or grubs were very abundant, some- 
times as many as a dozen being found in a space as large as 
a dime. In the peach branch (Fig. 7) no larve were to be 
found, and there were rarely any burrowings between the bark 
and wood. ‘The hole ended in the sapwood and no beetles were 
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to be found in late September, when I examined the trees. In 
the apricots the beetles were abundant at this time. But if the 
insects themselves were not to be found in the peach, the injury 
was nevertheless serious, for the bark about older punctures was 
found to be dead in circular patches an inch or two in diameter. 

This pestiferous insect is native to Europe. It was first 
detected in this country at Elmira, N. Y., in 1877 upon peach 
trees. It is now widely distributed in eastern America. 

There are no specific remedies for this insect. Its life history 
is not well understood. It is commonly supposed, at least in 
Europe, that it generally attacks the stunted or least vigorous 
trees, and that good cultivation and fertilizing are the best general 
preventives of its injuries. It is said that the more thrifty trees 
pour out so much sap where punctured, that the young cannot 
develop. This may have been the case with the peach trees of 
which I have spoken, but the injury to the tree, as I have said, 
was nevertheless severe. In some cases, at least, which have 
come under my observation, the trees seemed to have come into 
their weak condition wholly through the injuries inflicted by this 
borer. ‘The eggs are laid in the fall and the beetles probably die 
thereafter. The new beetle emerges from the tree early in spring 
and reénters very shortly thereafter. If more than one brood 
occurs in the season it is not positively known. Forbes has sug- 
gested that some adhesive poison spray or wash, applied to the 
trunk and limbs, may lessen the attacks. All seriously diseased 
trees and branches should certainly be burned. In Europe, the 
insect is not generally considered to be very serious. It is proba- 
bly held in check by parasites. Already one and possibly two 
parasites have been discovered upon it in this country.* 

The curculio scarcely needs description. Its presence is every- 
where known to be inimical to peach culture, and yet probably 
two-thirds of the peach orchards of western New York are un- 
molested breeding grounds of the insect. The beetle begins its 
work of egg-laying about as soon as the petals fall from the peach 
flowers, raising up the familiar crescent flap on the young fruit, 
under which an egg is snugly tucked away. The fruits which 


* For fuller accounts, see Lintner, N, Y. Rep. iv. 103-107; Forbes, Bull. 
15, Ill. Exp. Sta., and 17th Rep. State Entomologist of Ill. (with plate). 
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are first punctured are likely to drop, but the later ones hang 
upon the tree and are known by the drops of gum which exude 
from the punctures. If the egg hatches, the peaches become 
wormy. It is presumed that the reader is acquainted with the 
methods of catching the curculio; but it may be said that the 
operation consists in knocking the insects from the tree by a quick 
jar or shake, catching them upon a white sheet or in a canvas 
hopper. The ‘‘catcher’’ most commonly used in western New 
York (manufactured by J. B. Johnson, Geneva) is a strong cloth 
hopper mounted upon a wheelbarrow-like frame, and running upon 
two wheels. The hopper converges into a tin box, into which 
the curculio roll as they fall upon the hopper. One man wheels 
the devise, by barrow-like handles, under the tree, then drops the 
handles and jars the tree; or sometimes two men go with a ma- 
chine, one wheeling it and the other jarring the trees. There 
are other devises for catching the cucurlio, but this is the most 
satisfactory one which I know. 

The black peach aphis is a very destructive insect which is 
widely distributed in the eastern states, and which has been intro- 
duced into Niagara County upon nursery stock.* This insect is 
particularly malicious because, in the most destructive form, it 
works upon the roots and is therefore out of sight and largely out 
of reach. It occasionally feeds upon the herbage, and in that 
case it can be dislodged by kerosene emulsion. ‘Trees which are 
suffering from the root aphis stop growing or become stunted, and 
the foliage becomes yellowish. Affected trees may not grow for 
several years even under good cultivation, and this condition may 
pass for yellows. I do not know that this insect is yet widespread 
in this state, but peach growers should be aware of its existence. 
Introduced trees should be carefully examined for the aphis before 
they are set, and if the insect is found, the roots should be dipped 
in kerosene emulsion or tobacco decoction. If the insect becomes 
established in the orchard, it can be killed, when upon the roots, 
by digging in a strong dressing of tobacco dust. 

Fruit-rotand twig-blight.—Of the fungous diseases of the peach, 
one of the most serious in western New York is the twig-blight, 
and fruit-rot (due to Monilia fructigena). The rotting of the early 


* See Cornell Bull. 49, 1892. 
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peaches on the tree is too familiar to need description, but it is not 
generally known that this decay is not a normal process and pe- 
culiar to the variety, but is caused by a distinct fungous disorder. 
Very often these same trees which show the fruit-rot, have the 
young growth blighted, as if attacked by something like pear- 
b>, blight. This death of the shoots is due to the same 
oh , fungus which causes the fruit to rot. The decayed 

Ea peaches sometimes dry up and hang on the tree, and 
RQ. become a prolific source of infection for the coming 
BO year. ‘These mummified peaches can be found in 
| orchards all over the state, even, in many cases, 
a year following the attack. Fig. 8 shows a 
twig from the center of a neglected peach 


and the fungus has completely killed the 
entire shoot. Much small dead wood 
in the center of the tree tops is the 
XQ result of this monilia, or fruit-rot 
, fungus. ‘The same fungus 
attacks the cherry and 
plum. 
The best economic 
\. study of this fungus 
\& upon the peach 
has been made 
by Professor F. 


8. Peaches of last year’s 
crop still hanging on 
the tree, attacked by 
monilia. The branch 


\ ‘. D. Chester, of the 
io Ds ee oh 1 : Delaware Experiment 
% nat. size. 4 Station.* He found that the 

fungus may destroy the flow- 
ers in spring, and this injury may pass for the effects of frost. He 
also found that thorough spraying with copper fungicides greatly 
reduced the injury. His advice for the treatment of the disease 
isas follows: 1. Gatherand burn all mummified fruit. 2. Early 
in the spring, before the fruit buds begin to swell, spray the trees 
with a solution containing 1 lb. of copper sulphate to 25 gals. of 


*Bull. XV. Del. Exp. Sta. 10-12; Bull. XIX; Fifth Rep. 53--66. 
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water. 3. As soon as the fruit buds just begin to swell, spray 
the trees with Bordeaux mixture or copper carbonate. Follow 
this by another spraying before the buds open. 4. As soon as 
the fruit shall have reached full size and 
begins to show signs of color, make a third 
application. This should be followed by 
two or three other applications at close 
intervals of five or seven days during the 
ripening period. It will probably not be 
often necessary to make this late applica- 
tion upon peaches in this state. 

The peach mildew (Podosphera oxyacanthe) 
has been serious in various parts of western 9  qyiidew patches on 
New York the past season. In the Niagara young peach. 
belt it has attacked Crawfords, and upon Seneca Lake I have 
seen a peach known as the Denton almost ruined by it. ache 


10. BLlack-spot of peach (Hill’s Chilt). 


fungus generally appears when the peach is very small, as irregu- 
lar moldy or frost-like patches upon the surface (Fig. 9). Later 
on, these patches become brown and hard and the peach cracks. 
The same mildew also attacks the leaves, covering them with a 
whitish mold-like substance and causing them to become hard and 
curled. ‘The fungus is common to many plants 
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Black-spot.—Another surface fungus which is well known and 
which has a preference for certain varieties, particularly Hill’s 
Chili, is the black-spot (Cladosporium carpophilum). It is usually 
most serious upon the later varieties. It appears as sooty-black 
patches of greater or less size, and when the attack is severe the 
fungus may cover the entire side of the fruit. This side is dwarf- 
ed, the flesh becomes hardened, ripens slowly, and deep fissures 
or cracks appear, sometimes extending through to the pit (Fig. 
10). This fungus is usually not sufficiently troublesome in New 
York to excite general attention, except in certain years and upon 
particular varieties. 

In would seem that the two last diseases should be very easily 
held in check by a few sprayings with Bordeaux mixture, but the 
experience of those who have tried it this year has not been reas- 
suring. The chief trouble has been that the fungicide injured 
the peach foliage. It is well known that peach leaves are very 
susceptible to any caustic property in spraying mixtures. It is 
possible that the trouble has been the use of the ferro-cyanide 
test for making the Bordeaux mixture. This test indicates when 
sufficient lime has been added to correct the present injurious effects 
of the sulphate of copper; but in wet seasons—if, in fact, not in 
all seasons—an extra amount of lime may be needed to neu- 
rtalize subsequent changes in the compound. Iam strongly of 
the opinion that the regular formula for Bordeaux mixture—6 lbs. 
lime, 4 lbs. sulphate of copper—is the safest and best one. The 
mixture may be diluted to any strength required, but for the peach 
I should not use less than 4o to 50 gallons of water for the above 
formula. 

The leaf curl has been the subject of more concern amongst 
New York peach growers during the past few years than any 
other disease, save the yellows. ‘This trouble is fully discussed 
in reference to its botanical features in Bulletin 73, p. 324. It 
certainly has a decided preference for some varieties, particularly 
those with large, soft and dark-colored leaves. It is also in- 
fluenced greatly by the season, although it is never wholly absent. 
A moderate attack does not perceptibly injure trees in full vigor. 
In many cases, however, the larger part of the leaves fall from 
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the tree in June, and the fruit, deprived of nourishment, may also 
fall. Leaf curl, the curculio and lack of pollination are the chief 
causes of the ‘‘ June drop’’ of peaches. 

There have been few definite experiments in the treatment of 
the peach curl, but there is reason to believe that one or two very 
thorough sprayings with sulphate of copper or with Bordeaux mix- 
ture before the buds swell, will lessen its spread. A few experi- 
ments of this kind in var- 
ious parts of the country 
have been successful ; 
amongst these was one 
made by Henry Lutts, of 
Youngstown, N. Y. 

Root-galis up- 
on the peach, as 
shown in Fig. 
12, have been 
serious in one! 
orchard in Nia- 
gara county, 
and “they ‘are 
probably widely 
distributed in 
the state. These galls occur 
both upon the small roots 
several feet from the trunk, 
and also in large masses just 
under and about the crown. 

Trees thus affected 
stop growing and as- 
sume a yellowish and 
sickly look, and they 
may be mistaken 
for trees suffering with the yellows by persons not familiar 
with that disease. The cause of this disease is wholly un- 
known. It occurs from the Atlantic to the Pacific, and Atkin- 
son* considers it to be the same as the Waurzelkropf of the Ger- 


i. Leaf-curl of the peach. 


* National Nurseryman, i. 89 (Aug. 1893). 
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mans. It occurs upon a variety of plants, as raspberries, rose, 
Marianna plum, pear, apricot and almond; and Wickson and 
Woodworth report it upon the grape in California. It is said to 
be very serious upon the Pacific coast. The galls vary in size 
from that of a pea to twice as large as a man’s fist. German 
writers consider that the disease is due to mechanical injuries of 
the roots, but this hypothesis is wholly incompatible with the 
appearance and the spread of the trouble. No investigator has 
yet been able to discover any insect, fungus or germ to be uniform- 
ly associated wi'h the galls. ‘The man in whose orchard I found 
the galls in Niagara county is convinced that his trees became 
diseased by growing them in a nursery where infested raspberries 
were previously grown. ‘The disease is prevalent in our own 
raspberry plantations at Cornell, and we are able to keep it in 
check only by pulling up and burning all suspected plants. If 
berries are affected by this trouble, I should advise destroying 
the plantation and setting another upon non-infested ground. 
This disease must not be confounded with the root-knot of the 
peach and other plants in warm climates and in greenhouses, 
which is the work of a nematode worm.* 

This root-gall has been studied by Professor Woodworth of 
California,+ who gives the following advice: ‘‘1. In the orchard 
the knots should be carefully removed and burned as soon as 
found, and an antiseptic application made to the tree where the 
knot has been removed. We would recommed Bordeaux mixture 
for this purpose. Trees so treated should be examined from time 
to time for at least a year, and should the knot reappear, it would 
be best to remove and destroy the whole tree. When a tree is 
removed, it would be well to delay resetting for a year or two, or 
to reset with a tree of unsusceptible kind. 2. When setting an 
orchard, reject all stock affected by the knot. I would prefer to 
have stock from a nursery known to be entirely free from it. 3. 
In the nursery, the greatest care should be taken to destroy, by 


* An illustration and account of the nematode upon winter tomatoes, will 
be found in our Bulletin 43. 

+ Bull. 99, Cal. Exp. Sta. (Dec. 1, 1892). See also E. F. Smith, Jour. My- 
cology, vil.93; Bull. Torr. Bot. Club, xx. 363. 


389 


PRACHES IN WESTERN NEW YORK. 


12. 


Root-gaills of the peach. 


An obscure disease affecting the rools of the peach and various other fruits. 
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burning, everything showing any evidence of the disease. Fields 
in which these galls have appeared should be devoted to some 
other crop for a number of years.’’ 
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CoRNELL UNIVERSITY, ITHACA, N. Y., Oct. 10, 1894. 
THE HONORABLE COMMISSIONER OF AGRICULTURE, ALBANY. 
Sir: ‘This account of the yellows of the peach—probably the 
most serious and obscure disease of New York orchards—is sub- 
mitted for publication and distribution in accordance with Chapter 
675, Section 87, of the laws of 1894. There has been much in- 
quiry concerning this disease during the present season, and I 
have endeavored to examine all orchards in western New York 
from which complaint of yellows has come. 
L. H.. BAILEY. 


NEW YORK YELLOWS AND BLACK-KNOT LAW. 


Article 5, Chapter 338, Laws of 1893. 


Section 82. The prevention of disease in fruit trees.—No person 
shall knowingly or willfully keep any peach, almond, apricot or nectarine 
tree affected with a contagious disease known as yellows, or offer for sale or 
shipment, or sell or ship to others any of the fruit thereof. Nor shall any 
person knowingly or willfully keep any plum, cherry or other trees infected 
with the contagious disease or fungus, known as black-knot. Every such 
tree and the fruit of a tree infected with yellows shall be a public nuisance, 
and no damages shall be awarded for entering upon premises and destroying 
such trees and fruit if infected with yellows or for cutting away the diseased 
part of any tree infected with black-knot or altogether destroying such tree 
if necessary to suppress such disease, if done in accordance with the provis- 
ions of this article. Every person when he becomes aware of the existence 
of such disease in any tree or fruit owned by him, shall forthwith destroy or 
cause such tree or fruit to be destroyed or the infected part to be cut away. 


283. Appointment and duties of the agent of the commissioner 
of agriculture.—When the commissioner of agriculture knows and has 
reason to believe that any such contagious disease exists, or that there is 
good reason to believe it exists, or danger is justly apprehended of its intro- 
duction in any town or city in the state, he shall forthwith appoint a compe- 
tent freeholder of such town or city as hisagent, whoshall hold office during 
his pleasure and who shall within ten days after his appointment, file an 
acceptance of the appointment, with the constitutional oath of office, in the 
office of the town clerk of the town. Such agent shall on or without com- 
plaint, whenever it comes to his notice that either of the diseases known as 
yellows or black-knot exists or is supposed to exist within the limits of the 
town or city, proceed without delay to examine the trees or fruit supposed 
to be infected, and if the disease is found to exist, a distinguishing mark 
shall be placed upon the diseased trees. If the disease is the black-knot, such 
distinguishing mark shall be placed on some affected part of the trees, or if 
in the judgment of such agent any such trees should be entirely destroyed, 
then the trunk of such tree shall be thoroughly girdled, and thereupon the 
owner notified personally, or by a written notice signed by such agent and 
left at his usual place of residence, or if a non-resident by leaving the notice 
with the person in charge of the trees or fruit, or in whose possession they 
may be. Such notice shall contain a statement of all the facts found to exist, 
with an order to effectually remove and destroy by fire or otherwise the trees 
or parts of trees so marked and designated, within ten days, Sundays ex- 
cepted, from the day of theservice of thenotice. Incase of fruit so infected, 
the notice shall require the person in whose possession or control it is found, 
to immediately destroy the same or cause it to be done. 


284. Proceedings in case of owner’s failure to destroy.—If any 
person shall refuse or neglect to comply with the order of such agent to re- 
move and destroy trees or parts of trees so marked by him, such agent shall 
cause such trees or parts of trees to be removed and destroyed forthwith, 
employing all necessary assistance for that purpose; and such agent or his 
employes may enter upon any and all premises within the town or city for 
the purpose of such removal and destruction. Such agent shall be entitled 
to compensation for his services under this and the preceding sections at a 
rate of two dollars for each full day spent by him in the discharge of his 
duties, and the necessary disbursements paid or incurred by him, which with 
the expense and removal and destruction of any such trees or fruit shall be 
a town charge. 


PACH VELLOWS. 


HERE is no disease or difficulty of 
fruit trees in New York state which 
is the subject of so much misappre- 
hension as the yellows of the peach. 
Notonly are the origin and course of 
the trouble obscure, but the disease 

itself is frequently not recognized as a dis- 

tinct and fatal malady, but is confounded 
with any weak or yellow condition of the 
tree. The name of the disease is unfor- 
tunate, since it leads people to regard 
yellowness as one of the first and 
indisputable symptoms of yellows, 
while, in fact, the disease may be- 
come well seated and may show its 
unmistakable symptoms in trees which 
are dark green and robust. It is for 
the purpose of enabling fruit growers 

to distinguish the true yellows from a 

multitude of other ailments that I 

r. Yellows“ tips.’’ have prepared the present report. 


NOTE.—Those who desire to make a more particular study of peach yel- 
lows, should consult the following publications of Dr. Erwin F. Smith, who 
is the recognized authority upon the subject : 

Peach Yellows: A Preliminary Report. Bull. 9, Div. of Botany, Dept. 
Agric. 1888. 

Additional Evidence on the Communicability of Peach Yellows and Peach 
Rosette. Bull. 1, Div. Veg. Pathology, Dept. Agric. 1891. 

The Chemistry of Peach Yellows. Tand Il. Proc. Amer. Pomol. Soc. 
1889 and 18or. 

Peach Yellows. Report of State Hort. Assoc. Penn., 1893. 

Experiments with Fertilizers for the Prevention and Cure of Peach Yel- 
lows. Bull. 4, Div. Veg. Pathology, Dept. Agric. 1893. 


Peach Yellows and Peach Rosette. Farmers’ Bull. 17, Dept. Agric. 1894. 
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It should first be said that the yellows is generally spread 
throughout the state. I have made a careful study of the peach 
industry of western New York during the present season, and I 
have run upon the yellows in almost every region which I have 
visited. It is particularly bad in Niagara county, which is the 
leading peach section of the state. It also occurs along the cen- 
tral lakes, in the Hudson River val- 
ley, and, no doubt, wherever peaches 
are grown to any extent. Yet the 
disease is not also so serious in cer- 
tain regions as people have supposed 
it to be. I have visited orchards 
which were said to be dying with 
yellows, and have found only borers 
and that sublime neglect which 
characterizes so many peach or- 
chards of the state. Orchards which are 
never cultivated or pruned or fertilized, 
soon become sad-looking objects, making 
little growth and that of a feeble and yel- 
low sort, and the borers hold unmolested car- 
nival. In such cases, the first remedial treat- 
ment must be applied to the owner, for un- 
profitable or diseased orchards cannot 
cure themselves. 

Fruit growers should know that peach 
yellows is a distinct disease, with char- 
acteristic symptoms, that it attacks the 
very best and strongest trees of -the 
orchards as well as the weak ones, and 
that its end is always fatal. I have 
sometimes thought that the most vigor- 
2. Healthy terminal shoot. ous trees are most liable to attack. It is 

certain that orchards in otherwise prime 
condition may be completely swept away with the yellows. 

The most lamentable circumstance connected with the yellows 
in this state is the legal complication which arose in Niagara 
County* in 1889, when an attempt was first made to enforce the 


* Annals of Hort. 1889, 7o. 


PEACH YELLOWS. 395 


law which demands that yellows shall be eradicated. Commis- 
sioners were duly appointed and they proceeded with their duty of 
examining orchards and marking diseased trees. ‘There was lit- 
tle general or popular knowledge of the disease, and the commis- 
sioners consequently met with opposition. It was charged that 
they marked trees which were not diseased. Whether this is true 
or not, it transpired that a certain peach grower refused to cut the 
trees which the commissioners had designated. Under the law, 
the officers cut the trees, but the owner refused to pay costs, and 
the people brought suit against him for misdemeanor. ‘The trial 
was long and stubbornly fought. The trees which had been cut 
were destroyed, and there was therefore no evidence to prove that 
the trees in question had had the yellows. Much testimony of a 
general nature was admitted by the court as a matter of general 
interest and education, but the question which went to the jury 
was the specific one concerning the defendant’s trees. The jury 
disagreed, and the defendant was acquitted. The result was re- 
garded as a great victory by those who opposed the operation of 
the law; and it has had the effect of discouraging further efforts 
towards its enforcement in that county. The outcome has been 
most disastrous. The yellows is now widespread throughout the 
region which is naturally the best peach section of western New 
York, and the dying and neglected orchards of careless peach 
growers are a constant menace to the peach industry. It will 
never be known, beyond the parties immediately concerned, 
whether the trees over which the suit occurred had the yellows ; 
but I have this year visited the neighborhood which was the scene 
of the conflict and I found orchards ruined by the disease. Any 
law is impotent unless it is sustained and enforced by public senti- 
ment. Every farmer should understand that peach yellows is 
a fatal and communicable disease, and that it is, therefore, amena- 
ble to control by the police powers of the commonwealth. Like 
pleuro-pneumonia and tuberculosis, it is a public nuisance. 

When the yellows attacks a bearing tree, the first sign of its 
presence is usually in the fruit. The one unmistakable symptom 
in the fruit is the presence of bright red spots which may be lik- 
ened to measle blotches, and the fiesh is also more or less marked 
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by red spots and streaks which often run through to the pit. 
When the attack is slight, these red streaks in the flesh may be 
faint or even almost absent, but the external spots are character- 
istic. ‘Theillustration (Fig. 3) shows a diseased peach. In addi- 
tion to these marks upon the peach, the fruit generally ripens pre- 
maturely, although I have seen cases in which the spots were 


3. Yellows peach. 


present upon fruit ripening in its normal season. On the other 
hand, yellows peaches sometimes ripen six weeks in advance of 
their season, particularly after the disease has run a year or two. 
Mere prematureness is not an indication of yellows. I have re- 
peatedly been shown trees, during the past season, which were 
said to have yellows because the fruit ripened prematurely, but 
which were suffering only from borers, neglect or drouth. These 
peaches lacked entirely the bright red spots of the yellows. Yel- 
lows peaches are usually poor in quality, particularly in sweetness ; 
yet when the attack is recent and the fruit is not markedly pre- 
mature, the quality may not seriously suffer. In the second year 
of the visible attack, however, the quality of the fruit is percepti- 
bly low. 

Yellows generally appears at first upon a part of the tree only. 
Sometimes only one or two peaches may show any indications of 
the' disease, and the tree may appear to be perfectly healthy. 
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Whether the branch upon which these peaches are borne is re- 
moved or not, the disease will be found the following year to have 
spread, involving more branches and possibly the entire tree. 
The second characteristic symptom of yellows—or the first in 
trees not in fruit—is the appearing of short, yellowish, un- 
branched shoots or “‘tips’’ upon or near the ends of the healthy 
branches. ‘These sometimes appear upon the ends of lusty water- 
sprouts, and in such cases I have 
seen them well developed even when 
the fruit showed no signs of disease. 
The tail-piece (page 408) is such a 
watersprout tip. These little shoots 
spring from buds of the season, 
which under normal conditions, 
would not have pushed into growth 
until the following spring. These 
shoots may appear as early as July 
or even June, but in the early stages 
of the disease they are usually not 
seen until late summer or fall. In 
this state, I see them first, as a rule, 
in September. When they appear 
at this date, they rarely grow more 
than three or four inches long. The 4. yerows « tip” 
leaves upon these yellows ‘‘tips’’ appearing late 
are small and narrow, yellowish,and 7% Octoder. 
they usually stand out stiffly at 
nearly right angles to the stem, con- 
trasting strongly with the drooping healthy leaves below them. 
The tail-piece, on page 408, shows a yellows tip of Crawford, 
photographed late in September. Sometimes several of the 
uppermost buds upon a twig will start out into this short stiff 
tip-like growth. This feature is shown in Fig. 1. Contrast 
this shoot with the healthy twig, taken from the same tree, 
shown in figure 2. These tips sometimes appear late in fall 
after most of the leaves have fallen. The winter buds sim- 
ply expand their sickly leaves and the stem may make no growth. 
Fig. 4 shows such tip, appearing late in October. Occasionally 
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one may see these tips expanding prematurely in earliest spring. 
Frequently, in this state, these tips are so little pronounced, even 
upon trees badly diseased, that they are likely to pass unnoticed ; 
and in such cases one must rely very largely upon the fruit for a 
diagnosis of the disease. In rare instances, the blossom buds 
upon diseased shoots may expand in the fall. 

The third symptom of yellows 
is the appearing of abnormal 
shoots along the larger branches 
or even upon the trunks. These 
yellows shoots generally appear 
earlier in the season than the 
tips, and may make consider- 
able growth. They are marked 
by short and narrow leaves which 
stand at nearly right angles to 
the stem, as seenin Fig. 5. They 
rarely grow more than a foot 

4 in length in this state. But the 
most striking form of this third 

feature of yellows symptoms, is the 
bunchy growth shown in Fig. 6. Ordi- 
narily a healthy peach shoot does not 
branch as it grows, but makes a straight 
stem one year, and branches the next 
year. These yellows shoots, in confirmed cases 
/ y of the disease, may branch into several or many 
fine branchlets the very year in which they start. 


x These tufted shoots may spring from old branches 
“See! two and more inches in diameter, or even from the 

ST main trunk itself (Fig. 6). They often spring 
5. Yellows : out with uncommon luxuriance from the stumps 


hook. of trees which have been cut with yellows. These 
bunchy growths rarely appear before the third 

year of the disease in this state, and in the great majority of cases 
of yellows which I have seen in New York they are wholly absent, 
even in the final stages. They appear to be less abundant in dry 
years. It isthe first two symptoms—the red-spotted fruit and the 
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‘‘tips’’—which must generally be relied upon in this state for 
the diagnosis of the yellows; and even the tips, as I have said, 
may be so little developed as not to attract attention. The one 
unmistakable and invariable symptom of the peach yellows is in 
the fruit. 


The fourth and final stage of the disease is that in which the 
entire tree assumes the narrow, yellow or reddish and rigid leaves, 
and in this condition the tree is not readily distinguished, by the 
novice, from trees which are much debilitated by borers or neglect. 
The length of time from the onset of the disease at which this 
final stage and the death of the tree occur, is not a fixed period. 
It is undoubtedly modified by many conditions. From the time 
when the first symptoms appear, it is not less than three years 
before death occurs, and it is oftener five or six years. But death 
is sure to come sooner or later, for there is no indisputable case on 
record of yellows having been cured. 

There is abundant proof that yellows iscommunicable from tree 
to tree. Sooner or later, every peach tree in any community in 
which the disease appears, may be expected to die from it, unless 
rigorous measures are taken to keep it in check. The disease is 
so insidious and often so slow in its progress that it usually be- 
comes thoroughly established in a community before it attracts 
attention, and peach growers generally procrastinate in applying 
restrictive measures. It is unknown how the yellows spreads, but 
it is not through the soil, for young trees may be set with safety 
where yellows trees have been removed. Neither is it always, if 
ever, conveyed from flower to flower, for trees which have not yet 
blossomed often contract the disease. It does not inhere in the 
roots, for trees grafted upon plum stocks contract it. There is 
every reason to believe, also, that it is not carried on pruning 
tools. ‘The means by which the disease spreads will probably not 
be known until the cause of the trouble is ascertained. Respect- 
ing this cause, there has been distinct progress in eliminating 
almost every origin which has been ascribed for the disease. It is 
known that yellows is not due to conditions of soil or climate, to 
mechanical injuries, to over-bearing or starvation, to methods of 
propagating, pruning or cultivating, to insects or fungi, and Dr. 
Erwin F. Smith, of the national Department of Agriculture, who 
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is the recognized authority upon the disease, now declares that 
‘‘it is almost certainly not a bacterial disease.’’ Dr. Smith 
thinks that the disease is ‘‘ nearest allied to that phenomenon in 
plants known as variegation.” It has been long known that most 
variegation is an abnormal state or condition and that it can 
sometimes be communicated to normal plants by means of bud- 
ding ; but it is difficult to conceive of any means by which such 
condition can become contagious without the presence of germs. 

But there is every reason to expect that when the cause of the 
yellows shall have been discovered, the treatment will remain the 
same as now,—extermination of the affected trees. This seems to 
follow, from the fact that when the first symptoms of yellows are 
discovered upon any branch, the entire tree is diseased. Numer- 
ous critical experiments have been made to determine this fact, by 
cutting off the diseased limb. In every case the remainder of the 
tree has shown yellows, usually the following year, but sometimes 
not until the second year. And these results are exactly in line 
with the experience of all peach growers who have had to deal 
with yellows. It will also be necessary to exercise the same 
caution in the choice of buds for propagation, for it is known that 
a bud from a yellows tree—even from that part of a tree not yet 
visibly affected—will make a yellows tree and will communicate 
the disease to the stock. Premature yellows peaches rarely have 
good seeds, but the pits from the apparently healthy portions of 
diseased trees may be expected to convey the disease to the off- 
spring. 

So far as known, peach yellows, like pear blight and plum 
knot, is a purely American disease, and has not been introduced 
into other countries. It is generally distributed in peach sections 
east of the Mississippi river and north of North Carolina and Ten- 
nessee. It first attracted attention about a hundred years ago in 
the neighborhood of Philadelphia, whence it appears to have 
spread throughout the country. It was probably introduced into 
the peach region of southwestern Michigan—where it appeared 
nearly thirty years ago—by diseased eastern stock. As near as I 
can learn, it appeared in Niagara county, New York, about 
twenty years ago. The disease seems to prefer the peach, but it is 
known to attack the nectarine,almond, apricot and Japanese plums. 
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The only check for the spread of the yellows is extermination 
of the affected trees, and I doubt if a better method will ever be © 
discovered. There is much difference of opinion as to when and 
how the trees should be removed. If but asingle branch is affected 
and the disease shows only in the fruit,it is considered to be safe to 
burn the diseased branch and fruit at once, but to allow the remain- 
der of the tree to ripen its crop. As soon as this crop is off, pull 
up and burn the tree, root and branch. If the disease appears 
upon a tree not in fruit—even if upon but a single branch of it— 
I should forthwith, as soon as the disease was discovered, pull out 
the tree and burn it. ‘There is a tendency in this state to allow 
the trees to stand until fall work is done or until some other con- 
venient season shall arrive; but growers who practice such 
methods are not long troubled with peach orchards. 

This method of immediate extermination has been proved time 
and again to be completely effective in holding the disease at bay. 
The experience of the Michigan peach growers is often cited, and it 
is undoubtedly the best illustration extant of the effectiveness of 
timely and cooperative effort. The oldest commercial peach 
region of Michigan is that lying in Berrien county, in the south- 
western corner of the state. Here the yellows first appeared. 
At that time, the disease was little understood, and growers tem- 
porized with it, and tried to cure it. As a result, the entire 
peach industry was wiped out, and small fruits, grapes, and truck- 
gardening took its place. Lying twenty-five miles north of this 
St. Joseph region and then separated from it by several miles of 
wild country, is the South Haven region. In this second region 
the disease finally appeared and destroyed a number of orchards, 
but the people, profiting by the disastrous experience of their 
neighbors upon the south, soon began a vigorous war of exter- 
mination against it. The local pomological society united the 
leading peach growers in the crusade, and the state legislature 
was prevailed upon to pass a law providing for the legal exercise 
of police powers upon the part of townships. This was probably 
the first American law aimed at a disease of plants, and from it 
have sprung the perfected laws of recent years relating to yellows, 
black-kuot and other diseases and insect pests. There were some 
growers of influence who resisted the law, but upon the whole the 
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community was united in the one determination to check-mate 
the yellows. Fora time the disease seemed to over-ride all oppo- 
sition, but it was finally checked, and it has not seriously inter- 
fered with the peach industry for the last dozen years. It is still 
present, however, and in certain seasons it breaks out with re- 
newed vigor, but these recurrences are as vigorously met by the 
growers, and the disease again subsides. ‘These years of renewed 
activity of the yellows are apt to follow years of comparative im- 
munity, largely because of the less careful scrutiny by the yellows 
officers in the years of freedom from the disease. ‘This deter- 
mined fight against a common enemy has knit the peach-growing 
community together and has developed a local pride which is en- 
tirely absent in the peach sections of New York state. Public 
sentiment demands that no yellows peaches shall be shipped. A 
sign hangs in the warehouse at the port with this legend : 

‘« All peaches left here infected with yellows will be destroyed 
and the owner prosecuted.”’ 

This sentiment is unknown to the New York peach growers, 
as a body. Everywhere I see yellows peaches on sale. 
These peaches are not injurious to health, so far as known, but 
they are inferior in quality, and the Michigan people have learned 
that the sale of them hurts their reputation and market. But the 
New York growers, as a rule, have not yet got beyond the point 
of asking if the diseased peaches are unwholesome, and have not 
risen to the plane of demanding that only good fruit, like pure 
milk, shall be allowed to make their reputation upon the market. 
And the clause of the law forbidding the sale of yellows peaches 
is practically a dead letter. 

The success of the Michigan growers in stemming the invasion 
of yellows has revived confidence at St. Joseph, and that region is 
again growing peaches with its earlier eminent success. I do not 
expect equal success in eradicating yellows in this state, from the 
fact that the peach industry is nowhere extensive enough to make 
it the one absorbing interest of the community. As soon as it be- 
comes the chief occupation of any region, the people will com- 
bine in self-interest to hold it in check. Yet the individual 
grower, if affected orchards do not adjoin his own, can keep the 
yellows at bay with a loss of only a few trees each year. There 


404 BULLETIN 75. 


are such growers in Niagara county and other parts of the state, 
and their success should reassure all those who despair at the in- 
roads of the yellows. But it must be remembered that the most 
painstaking vigilance is required to keep orchards healthy, and 
the best remedy for the evil will be found in the rigid enforcement 
of the law. No amount of arguing will stop the yellows. Fire 
is the only recourse. 

Most of the laws aimed against peach yellows have serious de- 
fects. The most glaring of these is the fact that the owner of the 
trees has no appeal from the decision of the commissioners who 
are appointed to examine the orchards. There is always danger 
that incompetent or careless men may be appointed to the com- 
missionerships, whose rulings may not be acceptable even to the 
best disposed citizens. The disease is so obscure that ohly the 
most careful and judicious men should be selected to diagnose it, 
and, even at the best, there are men in almost every community 
who object to the destruction of their trees. Lack of confidence 
in the commissioners has been the most serious obstacle to the 
execution of the New York law, and it was at the bottom of the 
suit which occurred in Niagara county in 1889. ‘There is a feel- 
ing, also, that the work of the commissioners in cutting trees is 
the invasion of a man’s property without due process oflaw. All 
this is remedied in the Connecticut law—which is the best of all 
yellows laws,—for the owner may appeal from the findings of the 
commissioner to the State board of agriculture, which ‘shall 
appoint a committee of three experts, which committee shall not 
include the person who, acting as commissioner or deputy, ordered 
such tree or fruit destroyed, and the decision of such committee 
shall be final.” 

Another difficulty with the laws is the danger that political con- 
siderations will prevail in the appointment of the commissioners. 
This danger is imminent whenever the commissioners are ap- 
pointed by any officer or board which is itself a political appoint- 
ment or creation. The difficulty can be averted only when the 
commissioners are created by a non-political board or office, as in 
Connecticut. 

Other hindrances against the efficient operation of yellows laws 
are the inadequate pay given the commissioners—often rendering 
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the appointment of thoroughly competent men impossible—and 
the lack of any general office or officer who shall keep records of 
the spread and control of the disease. This latter omission is 
serious, from the fact that it is only by a study of careful statis- 
tics extending over a series of years that the progress of the dis- 
ease can be accurately known and the effectiveness of remedial 
laws adequately measured. This important statistical feature has 
been embodied in the Connecticut law, and the yellows commis- 
sioner reports that in the year 1893 official examinations were 
made of 283,782 trees, of which 28,647 were condemned. 
The full text of the Connecticut yellows law is as follows: 


SECTION 1. The State Board of Agriculture shall, within 
thirty days from the passage of this act, appoint a commissioner 
on peach yellows, to hold office during the pleasure of said board. 
Said commissioner may, with the approval of said board and 
under the provisions of this act, adopt and carry out such plans 
as may be deemed necessary for the eradication of the disease, 
common to peach trees, known as peach yellows. 

SEc. 2. At all joint meetings of said board and said commis- 
sioner, for the purpose of conference, the commissioner shall re- 
ceive pay from the board for his expenses only. Said commis- 
sioner may, with the approval of said board, appoint one or more 
deputies in each county ; and when employed in the performance 
of duties imposed by this act, said commissioner and his deputies 
shall receive from the state, upon presentation to the comptroller, 
of bills duly sworn to, audited by the auditing committee of the 
board of agriculture, and approved by the Governor, five dollars 
per day and their expenses. 

SEC. 3. Any peach, almond, apricot, or nectarine tree diseased 
by the yellows, and all fruit from any such diseased tree, is hereby 
declared a public nuisance, and it shall be the duty of said com- 
missioner or any deputy, under such regulations as the State 
board of agriculture may adopt or approve of, to order such trees 
or such fruit destroyed, and upon the failure of the owner to obey 
such order, to destroy such trees or fruit, and no damage shall be 
paid to such owner on account of such destruction. . 

Src. 4. Any person may, when ordered to destroy any tree 
or fruit condemned by the said commissioner or deputy, appeal to 
the State board of agriculture, and said board shall appoint a com- 
mittee of three experts, which committee shall not include the 
person who, acting as commissioner or deputy, ordered such tree 
or fruit destroyed, and the decision of such committee shall be 
final. 
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Src. 5. Any person who shall, while such an appeal is pend- 
ing, sell any tree from a nursery where there are found to be dis- 
eased trees, or any fruit from such tree; or who shall, without 
such appeal, or after such final decision, refuse to destroy such 
tree or fruit, shall be fined not less than one hundred or more than 
five hundred dollars. 

Sec. 6. Any person that shall knowingly buy, for the purpose 
of selling, or shall sell or offer for sale, any fruit from such dis- 
eased trees, shall be fined not less than ten nor more than one 
hundred dollars. 

Src. 7. For the purpose of investigation or for the purpose 
of destroying trees or fruit known to be diseased, the said com- 
missioners and his deputies may enter any premises; and any 
person who shall prevent or attempt to prevent such entry shall 
be punished by a fine of not less than ten or more than one hun- 
dred dollars, or imprisoned in a common jail not less than ten nor 
more than sixty days, or both. 

Sec. 8. Prosecutions for violation of this act may be brought 
before justices of the peace, or any city, borough, town police, or 
common pleas court having criminal jurisdiction, by any prosecut- 
ing officer, or by the commissioner on peach yellows, or any of 
his deputies, and for such purpose said commissioner and his dep- 
uties shall have all the power of grand jurors. 

Src. 9. This act shall take effect upon its passage. 


YELLOWS BREVITIES. 


Yellows is a distinct disease. It attacks peach trees of all ages 
and in all conditions of vigor, seeming to have a preference for 
those which are thrifty. It is incurable, and its termination is 
always fatal. 

The disease sometimes attacks the almond, apricot, and Japan- 
ese plum. 

Yellows has been recognized for about a century. It is peculiar 
to North America, and is generally distributed north of the Car- 
olinas and east of the Mississippi. 

It is communicable from tree to tree. The means of communi- 
cation is unknown, but it is not spread through the soil, it does 
not originate in the roots, it is evidently not conveyed from flower 
to flower, and it is probably not transferred by means of pruning 
tools. 
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The cause of the disease is wholly unknown. Almost every 
ascribed caused has been disproved upon careful investigation. 

It has no uniform preference for varieties, soils, climate, nor 
methods of propagation or cultivation. 

No fertilization of the soil will cure the disease or check its 
spread. 

The one unmistakable symptom of yellows is the red-spotted 
character of the fruit. The flesh is commonly marked by red lines 
or splashes beneath the spots. These peaches generally ripen 
prematurely, and in the second year they are usually smaller and 
often more fuzzy than the normal fruit. The second symptom to 
appear—or the first in trees not in fruit—is the “tip’’ growth. 
This is a short growth starting from the upper or terminal buds, 
usually late in the season, and is characterized by narrow stiff 
yellowish small leaves which stand at nearly right angles to the 
shoot. Sometimes these tips appear late in autumn, after the 
leaves have fallen, or in spring before normal growth begins. 
They are often first seen upon the ends of watersprouts. ‘This 
‘‘tip’’ growth is sometimes little pronounced, and then only a 
practiced eye will detect it. 

The third ‘mark of the disease is the pushing out of slender 
stiff-leaved yellowish shoots from the body of the tree or the sides 
of the large limbs. In pronounced cases, or when the tree is about 
to die, these shoots may branch into close bunchy tufts. These 
symptoms are frequently wholly absent in this state throughout 
the entire course of the disease. 

In its final stage, the disease is marked by small and slender 
growth of ali new wood, small, narrow, yellow or reddish foliage, 
and occasionally by a great profusion of slender and branchy 
growths in the center of the tree. 

As arule, yellows trees die in five or six years from the first 
visible attack. 

The yellow‘and stunted condition following neglect or the work 
of borers—both of the common borer and the pin-hole borer—is 
often mistaken for yellows. 

Extermination of all affected trees—root and branch—is the 
only method of keeping the disease at bay. This work should be 
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prosecuted vigorously and systematically and with the full sup- 
port of the entire community. 

Trees may be set in the very places from which yellows trees 
have just been removed, with entire safety. 

The disease is readily communicated to nursery stock by af- 
fected buds, even by buds from those branches of affected trees 
which do not yet show any signs of the yellows. 

Pits from affected trees—when viable—may be expected to 
propagate the disease. 

L. H. BAILEY. 


Yellows ‘‘ tip’’ on a watersprout. 
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CoRNELL UNIVERSITY, ITHaAcA, N. Y., Nov. 1, 1894. 
THE HONORABLE COMMISSIONER OF AGRICULTURE, ALBANY. 

Sir: The following account of some of the difficulties in the 
way of grape growers in the Fifth Judicial Department of New 
York, is submitted asa bulletin to be published under the pro- 
visions of Section 87, Chapter 675, of the laws of 1894. 

The trouble known as “‘ rattles’’ has been very serious the past 
season, particularly in the Chautauqua region, We have made 
a thorough study of it in the field, and the following paper is be- 
lieved to contain the best information obtainable concerning it. 
Definite and perhaps prolonged experiment upon an extended base 
is needed, however, to discover the exact cause and to suggest 
specific remedies. “! 

Grape growing is one of the leading industries of the state, and 
its area is increasing. The extent and distribution of the acreage 
in western New York are approximately as follows: 


Chautauqua region, : Z - - 26,000 acres. 
Canandaigua aie = = = &. 5,000 ‘6 
Keuka oe : se ‘ = ¥o;e00 | 
Seneca Sf 2 A : : ene 
Cayuga iS i= = = e E 3,500 66 
b 
Scattering, - = = i = : POPE: 
b 
Total, - - - : - - 58,000 acres. 


L. H. BAILEY. 


SOME GRAPE TROUBLES OF WESTERN NEW 
YORK, 1894. 
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PART I—IN CHAUTAUQUA COUNTY. 
A. SHELLING OR RATTLING (pages 413 to 440). 


Many grape growers of Chautauqua county have this year lost 
a considerable portion of their grapes on account of the berries 
dropping to the ground before they were fully mature. This con- 
dition is commonly known as the “ shelling’ or the “‘ rattling’’ 
of the grapes. Its unusual prevalence and the severity of the 
attacks in some vineyards have caused the vineyardists much 
uneasiness regarding the losses caused and the possible extent 
to which the trouble may affect the vines in the future. During 
the past fall it has appeared more or less seriously throughout 
the region of the Chautauqua grape belt, and some portions of 
central New York have not entirely escaped its presence. 

Thetrouble is not a newone. It has been fa- 
miliar to observing vineyard- ists for fully 
twenty-five years, and it is 
probable that it has existed 
even longer. It is the sever- 
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Description.—The shelling of grapes takes place in the follow- 
ing manner. As the season of ripening approaches, certain ber- 
ries of the affected clusters fall to the ground on account of the 
inability of the main fibres and other connecting tissue of the 
fruit-stems to sustain their weight. Figure 1 represents a normal 
separation of the berry from the stem as commonly pulled off ; 
Fig. 2 shows the manner in which this separation takes place in 
the case of shelling. The end of the stem is even, as if cut with 
a knife. 
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The portions of the cluster first affected are, so far as my 
observations go, invariably either the lower extremity of the 
cluster as it hangs from the cane, or, in the case of heavily 
shouldered clusters, the outer extremity of the stem forming the 
shoulder. The shelling may begin at both points at about the 
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Fic. 2.—Abnormal separation of berry from stem, as it occurs in shelling. 


same time, but it generally makes its appearance first at the lower 
end of the bunch. Sometimes only one or two berries may fall, 
but in other cases the drying and shriveling of the stem gradu- 
ally extends upward, the affected portion being plainly marked 
by the absence of the berries, as shown in Fig. 2. It often 
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occurs that not a berry remains hanging upon the bunch. In 
such cases the ground below the bearing portions of the vine is 
literally covered with the fallen fruit, and from a distance .it 
presents, in the case of Concords, a strong blue color. 

Some clusters upon a vine seem to be more free from shelling 
than others upon the same plant. This seems to be due in many 
cases to its location upon the cane, but there are so many excep- 
tions that no definite rule can be laid down. In general, however, 
it may be said that of the clusters found upon a certain cane the 
one which is situated farthest from the main stem of the plant 
is most seriously affected. There are many exceptions to this 
statement, but the majority of cases which I have seen confirm it. 

Another peculiarity which may sometimes be seen, although 
cases of it are very rare, is the shelling of berries upon only one 
portion of the vine, as for instance those borne upon the canes 
which spring from an arm, the difficulty thus affecting only one- 
half of the plant. Onecase was noticed in which the clusters found 
upon one cane were the only ones which suffered, amongst all those 
borne by the vine. The fact that such cases are seldom found 
would tend to show that they represent a singular phase of the 
disease, and are produced by some local cause, perhaps varying in 
the different cases. They cannot be considered as typical of the 
common form in which it appears. 

It very commonly occurs that plants in certain portions of a 
vineyard shell, while the large majority of them do not. The 
line is sometimes so sharply drawn that the affected plant may be 
entirely surrounded by healthy vines ; and it is not uncommon to 
find a healthy vine in the midst of those which shell. Occasion- 
ally the plants in a row are quite different as regards the amount 
of fruit which is lost, some retaining all, while others lose fully 
75 percent. Such vineyards, however, do not represent the large 
majority. In these, the shelling is more or less uniform through- 
out the vineyard, and only in exceptional cases does the loss reach 
50 per cent. of the crop. The total loss in the ‘‘ belt ’’ will prob- 
ably not exceed 5 per cent. of the entire yield this year. 

The taste of shelled grapes differs decidedly from that of those 
remaining upon the upper portion of affected clusters and still 
more from that of berries which are borne upon vinesin which no 
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shelling takes place. This difference is very noticeable in Con- 
cords. Grapes of this variety, when grown under favorable con- 
ditions, are sweet and very agreeable to the taste, on account of a 
flavor which is peculiar to the variety. Shelled grapes are ex- 
tremely insipid, and are unpalatable not only from a want of taste 
but also from a certain disagreeable flavor which, though seldom 
strong, is still perceptible. Berries which remain upon shelly 
vines lack flavor, but otherwise they do not appear to possess any 
particularly disagreeable qualities.* 

Vines which have shelly grapes are almost invariably affected 
by what is commonly called the leaf-blight. This generally ap- 
pears late in July or during August. This year it came on late 
in August and during the first week of September, which is about 
the time that the grapes began to fall from the vines. The blight 
causes the death of the leaf tissues, but all the leaves do not 
appear to be equally affected. The younger growths are the ones 
which suffer most. he leaves at the outer extremities of the 
shoots first show a yellow discoloration which follows more or 
less continuously the outer margin. Soon this yellow portion 
dies and turns brown. ‘This causes the leaf to curl at the edges 
as shown in Fig. 3. As the disease progresses, older leaves are 
affected and in severe cases the amount of brown in the foliage is 
noticeable from a considerable distance. Many of the vineyards 
showed this discoloration so plainly that it was not necessary to 
enter them to be assured that the grapes were shelling. 

The shelling of grapes is not invariably accompanied by any 
decided discoloration of foliage, nor is the browning of the leaf 
tissue a certain indication of shelling; but the few exceptional 
cases in which the one takes place without the other scarcely have 
sufficient weight to throw any serious doubt upon the probable 
relation existing between the two. I have been assured by several 


* Chemical analyses of shelling grapes are now being made with the hope 
that some light may be thrown upon the subject by the berries themselves. 
In addition to this, fertilizer experiments have been planned and several are 
now under way to determine the kinds and amounts of fertilizers that are 
necessary to the proper maturing of a crop of grapes, and also to find what 
amount of fruit can regularly and profitably be borne by a vine without in- 
jury toit. The results of these investigations should be published as soon as 
definite statements can be made. 
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growers that in years past they have been able to tell during the 
summer which vineyards would shell during the fall, basing their 
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Fic. 3.—Diseased foliage upon a shelling vine. 


conclusions entirely on the fact that the foliage began to assume 
this brown tinge. The leaves are not often entirely destroyed, 
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for they remain upon the vines until fall, the green portions prob- 
ably still acting in a normal manner. 

A dark discoloration often found between the main veins of 
the leaves may be attributed to the same cause as that producing 
the death of the edges. These dark portions, (sometimes they are 
nearly black) do not necessarily indicate the death of such places 
for the thickness of the leaf is apparently normal and the marked 
curling of the leaf is wanting. In these respects the trouble 
seems to differ from the browning and drying of the leaf as 
mentioned above, and it may be due tosome other cause. In- 
quiries during one season were insufficient for the drawing of more 
definite conclusions regarding the cause of this trouble. Below 
(p. 420) are also given descriptions of two diseases which attack 
vineyards in France and it is possible, although not probable, that 
this one is of a similar nature to the European ones. 

In 1890 the grape growers of western New York suffered from 
a disease which caused the grapes to shell in some cases very 
severely. D: G. Fairchild, assistant in this section of Vegetable 
Pathology in the U. S. Department of Agriculture, was directed 
to investigate this trouble and an abstract of his report* is here 
given. 

Definite reports of the trouble were received from Niagara, 
Wayne, Cayuga, Seneca, Steuben and Ontario counties, but it is 
probable that grapes were affected in other parts of the state. 

‘‘Small irregular bunches of a dark color appear between the 
veins, these enlarge rapidly, darken to a dull purplish or reddish 
brown and coalesce so as to fill up the space between the veins 
which remain green or yellow. These changes occur so rapidly 
that the foliage seems to change color suddenly. ‘The contrast 
between the green or light yellow veins and dark purplish brown 
of the intervening tissues gives a peculiar streaked appearance to 
the leaves. In the most serious cases they curl up, become dry 
and brittle, and finally drop from the vine, leaving it nearly bare. 

‘<The berries borne upon diseased vines, almost without excep- 
tion, have a flat, insipid, and often intensely sour taste, due to the 
fact that they are only partially ripened.. When the attack is severe 
the berries drop off, and the ground beneath a diseased vine is often 


* Journal of Mycology, vi. 96. Annals Hort. 1890, 74. 
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seen to be covered with half ripe grapes. The berry is found to 
part from its pedicel taking with it the fibres which enter the in- 
terior of the pulp and are normally withdrawn from it when the 
berry is pulled off. After the crop has been harvested, also, the 
bunches are found to ‘ shell’ badly, ruining them for market. 

‘«’T-he roots of diseased vines, when carefully examined, fail to 
show a healthy growth of young feeding rootlets. When the roots 
of healthy and unhealthy vines are compared, although as is to be 
expected late in the season (October 20-25) the fibrils have many 
of them dropped from all vines, the difference in favor of the 
healthy vines points quite plainly to the fact that root absorption 
was stopped earlier where the disease is present. The early stop- 
page of the action of the rootlets may account for the peculiar 
coloring of the leaves and failure of the canes to mature their 
wood. * * * A careful microscepic examination of all parts 
of the diseased vine has revealed absolutely nothing of the nature 
of a parasitic fungus which could in any way be connected with 
the malady. Leaves, canes and roots seem perfectly free from 
any form of parasitic plant or animal. * * * In general it 
may be said that the worst attacks of the disease occur upon cold, 
heavy soil containing a large percentage of clay and rich in nitro- 
genous matter. * * * So far as the investigation goes there 
seems to be no connection whatever between the fertilizer used 
and the trouble, diseased plants being found upon land unma- 
nured, heavily manured, fertilized with phosphates, wood ashes, 
and bone dust.”’ 

The disease described by Fairchild is undoubtedly identical with 
the rattling or shelling of grapes as it occurred this fall, although 
the appearance upon the leaves has not been similar to that 
observed the past season. From somewhat incomplete metecro- 
logical data, I find that in general the season of 1890 resembled 
that of 1894. ‘The spring was very wet, the summer inclined 
to be dry, and the months of September and October very wet. 

In this connection it may be well to mention two diseases which 
attack French vineyards. They are frequently spoken of in con- 
nection with the shelling of grapes, and to assist in clearing up 
the problem the two diseases are described. ‘The causes of apo- 
plexy and rougeot are apparently clear, and meteorclogical con- 
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ditions may be held responsible for their appearance. When we 
come to the origin of grape shelling, the same causes do not ap- 
pear, and meteorological influences seem to assume but a second- 
ary position. 

A poplexte, or Folletage.*—These are the names applied to a 
phenomenon which generally appears in July or August in vine- 
yards, especially in those growing on deep and rich soils, which 
previously showed no signs of disease. Upon isolated plants, or 
sometimes upon entire portions of a vineyard, there suddenly ap- 
pear leaves which have lost their lustre, and their natural turges- 
cence ; in consequence they wilt and perish. The shoots dry from. 
above downward, and soon the entire plant dies. The trouble 
however, is not always so severe as to cause the death of the plant. 
One portion only of the plant may be affected and the remainder 
be apparently healthy. But the shock to the plant is always 
severe, and generally the effects of such an attack are beyond 
perfect repair. The explanation which Leclere givesy is as fol- 
lows: ‘‘ The rainfall during the year has been very heavy and 
thus prevented the rapid heating of the soil and also caused the 
atmosphere to be saturated with the vapor of water. In addition, 
the skies of Touraine have been almost constantly overcast. The 
growth of the vines was made, one might almost say, inthe shade, 
and under these circumstances the tissues of the plant have not 
acquired the powers of resistance which they would have had if 
the sun had shone oftener. The tissues were gorged with water ; 
the evaporation from the plant was slow in consequence of the 
humid condition of the air. The experiments of Sachs show that 
transpiration (evaporation) increases as the temperature of the 
soil is raised. Consequently the passage of water through the 
roots and the wood must have been slow and a certain balance 
was established between it and the process of transpiration. 
Let us suppose, now, that suddenly the burning rays of the sun 
strike the well developed foliage of the vines. The air is warmed, 
dried more and more as the temperature increases, and with the 
increased heat and dryness of the air the evaporation of the plant 
becomes more energetic. Since the water lost from the leaves 


*G. Foéx, Cours Complet de Viticulture, 1891, p. 466 eZ seg. 
tIbid. p, 467. 
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and green parts cannot be instantly replaced by the roots, on ac- 
count of the rate of circulation already established, those parts 
wilt, and when they have dried to a certain point they perish.’’ 
In conclusion, apoplexy may be said to be due to a disturbance 
of the equilibrium existing between the absorption of water by 
the roots and its evaporation from the leaves. No remedy is as 
yet known for the trouble. Thorough drainage may lessen its 
severity in some soils. 

Rougeot appears, from the conditions which cause it and 
by its general nature, to be allied to apoplexy. Like the latter, 
it attacks vines in full growth, at the time of the first heated per- 
iods, and is most serious upon cool, deep soils. Thiébaut de Ber- 
neaud says* that the disease is produced ‘‘ during summer, after 
a cold rain, a storm which causes a sudden fall of temperature, 
or a fog which is followed by warm southerly winds.’’ Marés 
describes the disease as follows: ‘‘ The leaves begin to change, 
shrivel and lose their suppleness. The parenchyma turns red 
while the veins remain green, which gives the foliage a very pecu- 
liar appearance. ‘The berries wilt and the shoots remain yellow. 
If the trouble increases, the leaves dry entirely and the stems die 
partially, sometimes only one side being affected, the diseased 
portion extending from the extremity to the base of the shoot. 
Such shoots often start a later growth during the latter part of 
the season. Plants attacked by rougeot do not die, as in the 
case of apoplexy, but they are severely checked, and several years 
are necessary to a complete recovery.’’ Drainage should be care- 
fully attended to, and particular pains taken to prune short, 
or at least down to sound wood. In extreme cases the plant 
may be renewed by grafting low upon the trunk of the vine. 

Ascribed Causes of the Shelling of Grapes——The causes which 
lead to the shelling of grapes are very obscure. Although the 
trouble has existed a long time among the vineyards of Chau- 
tauqua county, there are still numberless theories advanced as to 
the influences which produce it. Nearly every grower has a 
theory regarding it, but many confess that the disease is a mystery, 
and that none of the theories advanced will properly explain its 


*Ibid. p. 469, cited from Nouveau Manuel complet du Vigneron Francais, 
p- 186. 
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appearance. The following are the more important of these pos- 
sible causes : 
1. Insects. 
2. Fungi. 
3. Blight of the foliage. 
4. Stems shrivel before the berries mature. 
5. Berries prematurely ripe. 
6. Premature ripening of the wood. 
7. Overbearing. 
8. Too much wood and foliage. 
9. Too rich land. 

10. The kind of soil. 

11. ‘Too much cultivation. 

12. Excessive drought. 

13. Excess of moisture after drought. 

14. A weak root system. 

15. Want of barnyard manure. 

16. Want of phosphoric acid. 

17. Want of potash or of some other element. 

18. Excessive heat. 

19. South wind. 

20. West wind. 

Such a variety of opinions regarding the causes that produce 
the shelling of grapes should include some at least which offer 
the true solution of the problem. Before considering the list in 
detail, it may be convenient to divide these opinions into groups, 
basing the division upon the close relationship existing between 
many of them. They fall readily into four groups, as follows: 

I. Injuries caused by parasites: embracing Nos.1-3. 
II. Improper condition of the vine: embracing Nos. 4-9. 

III. Condition of the soil: embracing Nos. 10-17. 

IV. Condition of the atmosphere: embracing Nos. 18-20. 

The various opinions will be considered individually so that 
their real value may be properly estimated. 
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GEO? 7. 
Injuries caused by parasites. 


1. Jnsects.—It is believed by many that much, if not all, of the 
shelling of grapes is due to the action of insects. This point was 
constantly kept in mind during the examination of vineyards, and 
both clusters and vines were searched for insects which might be 
supposed to cause the trouble. In nota single case, however, did 
I discover any pest to which could be attributed the shelling of 
the grapes, and this theory had to be abandoned from want of 
evidence. If the trouble is caused by an insect, it works ‘‘in 

_ways that are dark and devious’’ and when found will prove to be 
very interesting. 

2. Fungi.—A majority of the vineyards visited were found to 
be infested with powdery mildew (Uncinula spiralis). This 
was found growing abundantly upon the leaves and fruit- 
stems of some vines and traces of it could be found in almost 
every vineyard. This mildew appeared late and was not found 
upon any berries. It formed a white mealy coating upon the 
main stems of the clusters, but comparatively little was found upon 
the pedicels of the individual berries. Its presence upon the 
foliage could easily be detected by the silvery-gray appearance of 
certain portions of the upper side of the leaf, these areas being very 
plainly marked in those portions freely attacked. Almost the 
whole of this fungus rests upon the leaf, and only the suckers 
which are in search of nourishment enter into the leaf tissue. 
This permits the parasite to be rubbed off very easily and the only 
trace of its former existence upon the leaf is a darkening or black- 
ening of the portion which was most thickly covered. 

In severe cases this fungus will cause grapes to fall from the 
vines, for the following reason. Let us suppose that the stem of 
a cluster is thickly infested with the mildew. A great many 
suckers will be sent into the green portion of the stem and much 
nourishment will be taken away from the berries. Another effect 
will be to obstuct the free flow of sap and this will again cause the 
berries beyond the point of injury to be deprived of the materials 
which were originally intended for their use. ‘‘ We sometimes 
find nearly full-grown berries completely overgrown with mycel- 
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ium of the Uncinula so that the brown specks above mentioned, 
[produced in the berries by the action of the suckers] if present at 
all, are completely hid from view. ‘These berries eventually be- 
come dry and shrivelled, and finally drop off.’’* 

If the shelling of grapes as it occurred this fall were entirely due. 
to the presence of the powdery mildew, then the degree of shell- 
ing should be directly in proportion to the severity of the attack 
of the mildew. The vineyards, however, did not bear out this 
proposition. Vines in which scarcely a trace of mildew could be 
found, frequently lost a large amount of their fruit, and again 
many clusters were seen having their stems literally covered with 
the fungus, yet no berries fell to the ground. ‘The frequency of. 
such cases has led me to believe that the powdery mildew i is not 
the principal cause of the shelling of grapes, although in certain 
cases it may have exerted an influence in this direction, and pos- 
sibly some berries fell from this cause alone. ‘The cause for the 
bulk of the shelling must be sought elsewhere. 

3. Blight of the foliage.—By the term ‘‘ blight’’ is meant the 
browning of the leaves as already fully described upon page 416. 
Affected portions have been examined under the microscope but 
no traces of insect or of fungous injury could be found. The 
manner in which the leaf succumbs indicates that the trouble is 
not local, but that something is wrong in the whole plant econ- 
omy. Consequently it seems to be safe to say that the so-called 
blight is not a cause of the shelling of grapes, but it rather ap- 
pears to be a condition resulting from the same causes which make 
the berries drop to the ground ; in other words, the browning and 
dying of the edges of the leaves and of those portions situated 
farthest from the main vines is to the leaf what the dropping of 
the lower berries from a cluster is to that cluster. Neither is de- 
pendent upon the other, and both are the result of some common 
cause. 


* Scribner’s Report on the Fungous Diseases of the Grape Vine. U.S 
Dept. of Agric. Bot. Div. Sec. of Veg. Path. Bull. II. p, 22. 
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GROUP 11. 


Improper conditions of the vine. 


4. Stems shrivel before the berries mature.—From the peculiar 
manner in which the lower end of the stems of fruit clusters 
shrivel and dry, one would naturally be led to suppose that the 
green wood failed to ripen. ‘This shrivelling of the stem neces- 
sarily cuts off the supply of nourishment from the fruit, which in 
consequence drops. But the true question now is, what is the 
cause of this shrivelling ? When that is answered, we shall have 
the answer to the question regarding the cause of the shelling. 

5. Berries prematurely ripe.—This is little more than a mere 
statement of the fact that when grapes are perfectly ripe they sep- 
arate from the cluster in the same manner as do the shelled grapes. 
That this ripening is premature is evident, for the large majority 
of berries still remain upon the vines while the others are falling. 
This theory throws no light upon the cause of the trouble. 

6. Premature ripening of the wood.—In case the wood of a 
grape vine ripened prematurely, it would undoubtedly exert an 
influence upon the fruit itself. The character of this influence 
would probably vary with the age of the berries. Ifa cane bear- 
ing clusters be broken during midsummer when the fruit is about 
one-half grown, the berries will not fall to the ground. but they 
will remain hanging upon the stems even after being perfectly dry 
and shrunken. Although such wood is not properly ripened, it 
resembles well ripened wood by not admitting of the free passage 
of nourishing elements. The same result is obtained when a cer- 
tain portion of a cluster is girdled by anthracnose. If such acci- 
dents occur when the berries are fully grown or coloring, the effect 
may be different, for then there may be sufficient nourishment 
present to enable the berry to continue to ripen, although imper- 
fectly, and to allow the natural separation of berry and stem to 
take place. But even if it is granted that the shelling of grapes 
is due to the premature ripening of wood we are still in search of 
the cause of this ripening. 

7. Overbearing.—A vine overbears when it sets more fruit than 
it can ripen without interfering with the production of a sufficient 
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amount of healthy foliage and wood. Vines which have set too 
much fruit show it in the comparatively little amount of new 
growth, in the smaller size of the leaves and fruit, and in the 
slowness with which they ripen their fruit. There are, of course, 
many degrees of overbearing and appearances will not be identi- 
cal in the different cases. In severe cases the berries grow slowly 
and color slowly, and they may remain unripe until very late in 
the season, or perhaps never ripen well. It has already been 
stated on page 425 that grapes must attain a certain degree of 
maturity before they part naturally from the stem. It is probable 
that in some severe cases of overbearing the berries never reach 
this point. I have seen, on Cayuga Lake, Catawbas which, dur- 
ing the season just passed, had only begun to color on October 5. 
Yet they did not shell. Other vines in the same vineyard, some 
having much better colored fruit, did lose a few berries. These vines 
appeared to be carrying too much fruit, still it was fairly well 
colored ; similar cases were also seen in Keuka Lake vineyards. 

The effects of overbearing are not limited to one season, but the 

plant may suffer for a year or two on account of the weak condi- 
tion in which it was left at the close of the first, and it is not im- 
probable that this weakened condition may be exhibited by the 
grapes shelling. Still, in visits paid to the vineyards of Chau- 
tauqua county the yield per acre seemed to have little connection 
with the degrees of shelling, and strong vigorous foliage was by 
no means a proof that the grapes were not shelling; in many 
cases it was quite the contrary as regards the character of the 
foliage. In fact, some growers have advanced the idea that the 
vigorous foliage was the cause of the trouble. 

8. Too much wood and foliage ; 

9. .Too rich land.—These two theories can properly be con- 
sidered together as the last named is the cause of the other. 
Their origin probably lies in the fact that vines growing in strong 
black land, that which is commonly found in hollows and which 
is frequently called black walnut land, are particularly apt to shell, 
while vines growing on higher land hold their fruit. I have seen 
in the vineyards of Mr. E. H. Fay, Brocton, N. Y., rows which be- 
gan to shell as soonas they dipped into this dark, loamy soil, yet just 
above no grapes fell. The land is undoubtedly rich, but is it rich 
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in the proper elements? Nitrogen is there in more than sufficient 
quantities, but other things than nitrogen are wauted for the per- 
fecting of a grape crop, and it is very possible that some of those 
other elements may not be present in proper quantities to supply 
the demands of the larger amount of wood which has been made, 
as well as to ripen the fruit properly. In case there is not enough 
food the fruit will be the first to show the effects. 

On higher land where the growth is not so rank, the demands 
of the ripening wood are not so great and the fruit is better cared 
for. ‘Too much nitrogen, therefore, is detrimental to the profit- 
able development of the grapes. 


GROUP IIT: 
Conditions of the soil. 


10. The kind of soil.—That the shelling of grapes is worse 
as a rule upon some soils than upon others is a very com- 
mon belief, and the subject is closely related to the two pre- 
ceding. About Ripley, the soils which are supposed to produce 
shelling vines are the low rich lands, the higher ones being free. 
I found an exception to this rule in the vineyard of Mr. H. J. 
Lewis, and about Portland several cases could be mentioned in 
which the high land shelled as badly asthelow. At Forestville it 
is a common saying that clay lands are free from the trouble, but 
there are many cases which contradict the statement. My obser- 
vations have led me to the conclusion that the character of the 
land is not an indication of the degree to which the grapes will 
shell. This reservation should nevertheless be made: that lands 
which are rich in nitrogen, and which consequently make an 
unusually strong growth of wood and foliage, are strongly 
inclined to produce vines which shell, while lands making a 
normal amount of wood and healthy foliage are inclined to be 
free from the trouble. 

11. Zoo much cultivation.—The effect of too much, or too late 
cultivation, is practically the same as that of feeding plants nitro- 
gen. It cannot be denied that the amount of shelling found in 
poorly cultivated vineyards has on the whole been less than in 
those which have been well cultivated, other things being equal. 
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It is said that one grower boasts of harvesting from his vineyard 
two tons of hay and three tons of grapes per acre; yet his grapes 
did not shell. I haveseena case* in which two menowned adjoin- 
ing vineyards which were growing on the same land and had had 
the same treatment in past years. During the past season one had 
not been cultivated and the other had been. The latter shelled 
considerably, the former practically none. Vineyards that were 
growing nearly in sod were almost invariably free from the 
trouble. Many vineyards that were not cultivated also shelled, 
but unquestionably the well cultivated vineyards suffered more 
than those which were not so thoroughly tilled. The explana- 
tion for this fact is probably the same as that which will clear up 
the shelling of grapes upon the soils rich in nitrogen, since tillage 
promotes nitrification, which in turn causes a strong growth of 
wood. 

12. Lxcessive drought.—Many attribute the shelling of grapes 
to the very dry weather. The grape season of 1894 was about 
ten days earlier than usual ; Catawbas colored and ripened to per- 
fection, and the quality of all varieties was exceptionally good. 
These undoubtedly are results of the drought,and why should not 
shelling be equally ‘so since it has been so unusually severe? 
Several objections can be raised to this theory. If the shelling 
was due to the drought entirely, vineyards upon the same soils 
should have suffered with the same uniformity with which their 
grapes colored and ripened, or received their excellent flavor. 
Again, if drought is the only cause of shelling,vineyards growing 
upon moist soil should have been free from the trouble. One 
vineyard belonging to Mr. EK. H. Fay, of Brocton, N. Y., was 
planted upon soil which remained moist throughout the summer ; 
in fact, open ditches held running water during the worst of the 
dry weather. Nevertheless, this vineyard shelled, but not from 
want of water. It is situated upon the black rich land already 
mentioned and shelled probably for the same reason that others 
in similar situations did. , 

There seems to be, nevertheless, some connection between the 
prolonged dry weather and the shelling. It appears to me that this 


* Messrs. Randall and Lewis, Ripley, N. Y. 
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connection can best be explained by the supposition that the dry 
condition of the soil prevented the plant food from going into solu- 
tion, for unless it is in solution it cannot be taken up by the plant. 
This shortage of plant food, or defect of nourishment, would have 
a tendency to cause the plant to ripen its crop earlier than usual, 
which indeed did take place. But the grapes which fell to the 
ground were not fully ripened, nor were the majority of those 
which remained hanging upon these vines. The taste showed 
that there was something wrong in their development, that the 
sweetness and aroma proper to the variety were wanting. This 
was undoubtedly due to some defect in the nourishment of the 
berries, and this defect may have been and probably was intensi- 
fied by the dry weather. 

13. L£xcess of moisture after drought.—To what extent the 
rains which followed the drought influenced the shelling it is diff- 
cult to say. Itis probable that the principal injury had already 
been done when these rains came, and the sudden supply of plant 
food may merely have hastened the last stages of the ripening of 
the berries and thus have caused them to fall a little sooner than 
they otherwise would have done. But to what extent this took 
place cannot be said. 

14. A weak root system.—It is a generally conceded: fact that 
young vineyards suffered more than old ones. Probably the 
severest cases could be fonnd among vineyards which were bearing 
their second or third crop. Although many of the older vines 
suffered, the average loss from these was probably not so great 
as that from the younger plants. Since the younger plants were 
not so well established, they would not have the same opportuni- 
ties of obtaining food as the older ones. The area covered by 
the roots would be smaller, they would not extend to an equal 
depth, nor would there be so many of them. This would result in 
an insufficient nourishment of the plant, a premature and probably 
an imperfect ripening of the fruit, and finally the falling of the 
berries. I think it very probable that inthe case of the young vine- 
yard belonging to Mr. E. H. Fay, already mentioned on page 428, 
that although the land was sufficiently rich innitrogen it was lack- 
ing in some other equally importantelement ; or,since the land itself 
is so very low and wet, it is very possible that it is not well adapted © 
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to a healthy growth of the Concord grape. Either of these causes 
might tend to produce shelling. 

That insufficient nourishment does cause grapes to shell is 
clearly shown in Figure 4. This Catawba cane was found in the 
vineyard of Messrs. King & Robinson near Trumansburg, N. Y. 
The first thing which attracted my attention was the light red 
color of the berries upon the central cluster. They were just 


Fic. 4.—Obstructed flow o7 sap the cause of shelling. 


turning, while the clusters on either side were colored a dark 
red. Upon closer examination the cause of the trouble became 
apparent. It will be seen in this illustration that the two outer 
clusters hang directly down from the underside of thecane. The 
stem of the central cluster, however, is attached on the upper 
side of the cane and the weight of the fruit has caused the stem 
to bend at a very acute angle, thus seriously interfering with the 
flow of sap. 

Another interesting point was soon noticed. The lower berries 
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of the cluster separated in the same manner as that which takes 
place in the case of shelling ; most of the berries parted regularly 
from the stem as if cut with a knife. The berries on the neigh- 
boring cluster parted in a different manner, for the connecting 
fibres remained attached to the peducle, as shown in the figure. 
Here was positive proof that improper nourishment caused a 
marked weakening in the connection between berry and stem, and 
undoubtedly it was merely a matter of a short time before the 
berries would have shelledas completely as some others in the same 
vineyard were doing. With the others, however, it seemed to be a 
clear case of overbearing, which to the fruit is nothing more than 
a want of proper food. 


15. Want of barnyard manure.—This cause for the trouble is 
here mentioned because Mr. H. B. Clothier, of Forestville, N. Y., 
assures me he has stopped the shelling by the use of barnyard 
manure which was taken from the stables of horses fed with grain. 
The use of stable manure, however, has not always been followed 
by such satisfactory results, and it may and sometimes does do 
injury by promoting an excessive growth of wood. 


16. Want of phosphoric acid.—The lack of this substance in 
available form in the soil has been advanced as a possible cause 
of the grapes shelling. The use of phosphorus to the plant is 
very imperfectly understood. It is supposed to assist in the diffu- 
sion of soluble albuminoids, or those compounds which contain 
nitrogen. Nothing definite can be said of the relations existing be- 
tween the shelling of grapes and the action of the phosphates. 


17. Want of potash.—Probably more vineyardists agree upon 
attributing the shelling of grapes to a want of potash than they 
do upon any other cause advanced. There are several facts which 
favor the theory. 

Potash is an essential element of plant food. Experiments 
carried on by Nobbe, Schroeder, and Erdmann* seem to provecon- 
clusively that the office of potash in the plant economy is to assist 
in the formation of starch. Plants of Japanese buckwheat were 
grown in a solution free from all traces of potash. After a few 


* Versuchs-Stationen, xiii, 1870, p. 357; cited by Goodale, Physiological 
Botany, p. 252. 
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weeks all growth had stopped. Examination of the plant failed 
to show any starch except traces in the green portion. When 
potash salts were added the plants began to grow again and starch 
was formed. : 

The development of sugar in fruits is dependent upon the 
presence of starch, for in the plant this substance is changed into 
the sugars, which sweeten the fruits. Some experiments have 
been made which have particular bearing upon this point. Dr. 
Stone, of the Massachusetts Agricultural College* makes the fol- 
lowing statements: ‘‘A wild specimen of Vitis Labrusca (our 
common wild grape) was torn apart at its root ; one half was left 
in its natural condition, the other transplanted to cultivated 
ground and treated with nitrate of potash and bone. superphos- 
phate. At the end of three years fruit from the cultivated vine 
contained twelve per cent. more potash and twenty per cent. more 
sugar than that from the wild one.’’ Dr. Stone declared also that 
‘* potash fertilizers have decidedly improved the desirable quali- 
ties of our fruits. Wherever the percentage of this element has 
been raised the change is accompanied by an increase of sugar 
and decrease of acid.’’ Other examples might be given, but these 
will answer for the present purpose. 

All grape growers are agreed that the flavor of shelled grapes 
is none of the best; in fact such grapes are very insipid. Although 
this does not necessarily prove a lack of potash, the probabilities 
are that such is the case. All other causes which might produce 
such a result have been almost entirely excluded, so that we are 
apparently forced to accept this as the true cause of the difficulty. 
By a lack of potash is not meant necessarily that the soil is defi- 
cient in this element, but rather that it is not found in a form 
which makes it available as plant food. 

The reasons for this want of potash are not very difficult to find. 
The lands upon which the majority of the Chautauqua vineyards 
are now growing had been used for many years for the production 
of grain and hay. Almost no fertilizers had been returned to the 
soil and the natural consequences followed. The supply of avail- 
able plant food in the soil has become more or less exhausted. 


*Amer. Gard. vi. 210 (1885), cited by Bailey, Agricultural Science, vi. 
No. II. 1892, p. 500. y 
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In favorable seasons this may not be very apparent, but in seasons 
such as the past one, when the soil becomes dry and the quantity 
of available food in consequence more restricted, the effects of 
former croppings become visible upon lands which were not ex- 
ceptionally rich in the first place. In the vineyard of Mr. S. 
Codington, of Fredonia, N. Y., this view of the case was very 
strongly emphasized. The vineyard is in the form of a square, and 
I was told that there was a strip stretching diagonally across the 
field from corner to corner, in which the vines shelled badly. Upon 
closer examination the line of shelling seemed to extend squarely 
across the vineyard in such a manner that about one-half shelled 
very badly, the other half but little. The portion which shelled 
the most was formerly used as a meadow and had been so used for 
fully twenty years. The other part had been set in the place of 
an old orchard which had been used as a cow pasture for more 
than twenty-five years. The line separating the orchard from the 
meadow could be traced plainly in the vineyard by the degree of 
shelling. ‘There can be no doubt that much of the shelling is due 
to impoverished land. 

It is not common to find a vineyard which was set upon old 
pasture or upon new land, that shells to any considerable extent ; 
most of these vines hold their fruit well and the contrary is the 
exception rather than the rule. 

Fortunately we have proof that in some cases, at least, potash 
has stopped the shelling. But two examples can be here men- 
tioned, but they are convincing. 

Geo. W. Marsh, of Portland, N. Y., had been troubled with 
the shelling of his grapes for some years, ou a rather low portion 
of his vineyard. Potash in the form of kainit was applied in the 
spring of 1894, at the rate of one pound per plant. This appli- 
cation seemed to be heavy enough, for the leaves did not show the 
‘‘ blight ’’ during the following summer and the grapes did not shell 
in the fall. M. L. Taylorapplied one ton of Canada hardwood ashes 
upon his vineyard ; it adjoins that of Mr. Marsh and is upon the 
same kind of land, but the applications were of practically no value. 
If the analyses of Canada hardwood ashes were always uniform, 
or if they invariably showed an abundant supply of potash, this 
result could hardly be explained. But in view of the success 
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which has followed the use of potash salts, I am inclined to be- 
lieve that the ashes were not up to standard quality. 

The second case is that of Mr. F. W. Howard, of Fredonia, 
N. Y. The experiment which was tried by Mr. Howard is one 
worthy of being followed by every grape grower in the Chautauqua 
district. He divided his Concord vineyard, which is practically 
level and is upon a soil very uniform in character, into several plots 
and applied fertilizers at the rate of two hundred pounds per acre, 
as follows : 

16 rows, applied a mixture of equal parts muriate of potash 
and bone. 

6 rows, muriate of potash. 

6 rows, bone. 

6 rows, tankage. 

64 rows, equal parts tankage, bone, and potash. 

7 rows, potash and bone. 

4 rows, nothing. 

These applications were made in the spring of 1894, upon land 
that had shelled in previous years. The results were so plainly 
marked that there was no room left for doubt as to the require- 
ment of the land in this vineyard. The first plot of sixteen rows 
shelled, but not seriously. The next six rows, to which the 
muriate of potash had been applied, scarcely lost a berry, nor were 
leaves ‘‘ blighted’’ to any greater extent than might be expected 
so late in the season. In passing to the next plot, the one to 
which the bone was applied, it was unnecessary to ask where the 
dividing line between the two plots was situated. The difference 
could be seen to the row. Where the bone had been applied, the ber- 
ries shelled to such an extent that the ground was fairly blue in 
some places. It seemed as if fully one-third of the crop had fallen. 
The remainder of the plots showed improvements directly in pro- 
portion to the amount of potash used, the other materials applied 
being apparently without effect. The land upon which this vine- 
yard stands was formerly used for farming purposes and was 
cropped continuously for fifty years or more with scarcely any 
fertilizers having been applied. The wonder is not that grapes 
shell, but that they do not all loosen their hold upon life and re- 
turn to the soil from which they sprang. 


SomME GRAPE TROUBLES OF WESTERN NEW YORK. 435 


GROUP IV. 
Conditions of the atmosphere. 


18. Excessive heat. Vf avery high temperature were the sole 
cause of grapes shelling, one should expect to find the shelling 
equally severe in vineyards having a similar exposure ; and those 
vineyards in which the greatest heat occurred should show the 
worst shelling. But this is not the case. Some vineyards, and 
one belonging to Mr. E. H. Fay, of Brocton in particular, are so 
surrounded by trees that the south wind is the only one which can 
enter the vineyard freely. Mr. Fay told me that the heat in this 
vineyard was so intense that it is impossible for the men to work 
in it, and they are consequently given work elsewhere during the 
hottest days. The land has a southern exposure, it is protected 
_ on the north, west and partially on the east by trees, and it thus 
forms a pocket in which the heat accumulates sometimes to an in- 
tense degree. Yet this vineyard did not shell during the past 
season, with the exception of a small strip along the lower edge in 
which the soil was heavier and more moist. 

19. A south wind ; 

20. A west wind.—These two causes have been advanced as 
being possibly responsible for the shelling. It has also been said 
that a north wind stops the trouble. At first thought it would 
seem that there can be no connection between shelling and the 
direction from which the wind blows. But, nevertheless, it is 
not impossible that such a relation"may exist. A wind from the 
south or from the west is generally warm, and this warmth favors 
active growth and the development of the fruit. This activity of 
the plant may well be carried on at the expense of the fruit, 
especially if the supply of nourishment be limited. A north 

wind, being cool, would of course have an opposite effect, and 
_ check the plant’s development. 

Remedies.—After the above detailed discussion of the possible 
causes of the shelling of grapes it would appear that the one 
cause which appears to lie at the bottom of the trouble is defective 
nourishment. All influences which aggravate this condition may 
be held as being indirectly connected with the trouble, and they may 
even be the exciting cause of it. The drought, for instance, may 
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have had such an action on the supply of plant food that it pre- 
vented the plant from getting it, while if the season had been 
more favorable the vine might have pulled through and the 
owner would have been none the wiser. 

The first step to take in order to remedy the shelling is unques- 
tionably to study the needs of the soil in which the vineyard is 
growing. Mr. Howard is fully satisfied as to the needs of his 
vineyard, and it is very possible that his vineyard has suffered 
from shelling for the last time. I should hesitate to say that it is 
from a lack of potash that all the Chautauqua vineyards have 
shelled, yet it is probable that in a very large majority of cases 
this is the cause of the trouble. 

Cultivation seems to have aggravated the trouble in soils which 
were not well supplied with all plant foods. It appeared to favor 
a growth which the plant was unable to ripen properly -except at 
the expense of the fruit, for potash is as necessary to ripen wood 
properly as it is to add flavor to the berries. The much discussed 
subject of the amount of cultivation proper to a vineyard is here 
touched upon but cannot be discussed. The same rule will prob- 
ably not apply to all vineyards ; yet all cultivation which produces 
an excessive growth of wood and foliage should be avoided. 

The weakening of vines by allowing them to overbear is 
another factor which seems to be responsible for some of the 
trouble. ‘The young vines are the ones generally most seriously 
affected, probably because the roots do not penetrate into so 
much soil nor into such deep soil that a large food supply can be 
furnished the growing parts of the vines even under favorable 
circumstances. When young vines are allowed to bear heavy 
crops the food supply of those vines should be very carefully con- 
sidered. : 

The powdery mildew was quite severe in many of the vineyards. 
during the past season and a part of the shelling was without 
doubt caused by it. This mildew is one of the easiest to keep in 
check when it appears early in the season, but later attacks are 
more difficult to control as then there is danger of staining the fruit 
if late treatments are made. On page 441 will be found more defi- 
nite directions regarding the treatment of this fungus. 

Opinions of growers.—Having considered the possible and prob- 
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able causes of the shelling of grapes in a general way, it will be 
interesting to note how far actual cases will bear out the conclu- 
sions which have been reached. A circular asking for informa- 
tion was published and submitted to the growers of Chautauqua 
county. The following cases are replies which have been 
received and also answers obtained in personal interviews. They 
are here stated in an abbreviated form but, on the whole, contain 
the most important portions of the answers. The most severe 
cases of shelling are placed at the end of the list. 


Ralph Hall, Brocton. .Soz/, strong shale and loam; Fertilizer, applied 
four hundred pounds low grade potash to a vineyard that shelled in past 
years ; Shelling, none in 1894. 

Jonas Martin, Brocton. Soz/, strong gravel loam ; Fertilizers, experience 
has proved that shelling is notso serious when potash fertilizers are used. 

G. H. Barber, Westfield. Soz/, some gravel and some loam. This is in- 
clined to be dry, and originally was strong land; Fertilizers, in the fall of 
1892 applied two hundred pounds bone flour, and in the following spring two 
hundred pounds muriate of potash. Also some barnyard manure. The 
vineyards cover twelveacres. Shelling, none except from two rows situated 
fifteen feet from a row of apple trees, these being about six inches in diame- 
ter. Probable cause, the roots of the apple trees robbing the grapes of 
nourishment. . 

S. Dean & Bros., Brocton. Soz/, generally a rather heavy gravel loam, 
formerly used for farming purposes; Fertilizers, have been using stable ma- 
nure and potash fertilizers during the past ten years. Make applications of 
about three tons of good ashes per acre. Ten years ago one piece shelled 
badly ; nearly a wheelbarrow load of manure was put about each of several 
vines and the next year these did not shell, while those around them did. 
Shelling, at present practically none. ~ 

Geo, W. Marsh, Portland. .Soz/, heavy gravel loam, inclined to be wet in 
a low place ; Fertilizers, used kainit, one pound per plant; Shelling, prac- 
tically stopped where it was formerly serious and no blight on the leaves. 

FE. Buckner, Brockton. .Soi/, mostly gravel loam; Fertilizers, not ma- 
nured lately, but formerly well fertilized with stable manure. Hay and grain 
were raised on the land for about twenty years previous to setting the vine- 
yard. Shelling, very little on the gravel, more on low, heavier land. 

A. W. Lewis, Brocton. Soi/, high gravel; Fertilizers, none for many 
years. The vineyard weedy and apparently somewhat neglected. The land 
was formerly used for growing hay and grain, the vineyard now being from 
twenty to twenty-five years old. Shelling, none. 

L. Roesch, Fredonia. So7/, dry gravelly loam, natur2lly poor ; Fertilizers, 


two tons Canada wood ashes per acre, also some stable manure ; Shelling, 
none. 
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Henry Case, Brocton. Soz/, gravel loam ; Fertilizers, applied two tons of 
Canada ashes in spring of 1894 upon seven acres ; Shelling, one part of the 
vineyard 4s eight years old and this shells ; the other part is tairty years old, 
but does not shell. 

Hermon L,. Kent & Co., Westfield. Soz/, mostly dry clay, originally poor; 
Fertilizers, yearly application of stable manure; Shelling, none. Insects 
the probable cause of shelling, and not lack of vitality in the vines. Some 
of the very richest and best land has shelled grapes. 

A. H. Harris, Westfield. Soz/, rich, dry gravel; Fertilizers, one pound 
sylvinite to the vine; S#el/ing, none where potash was used, some where it 
was not used. 

A. N. Taylor, Westfield. Soz/, a dry gravel, naturally rich; Fertilizers, 
potash at the rate of four hundred pounds per acre ; Shelling, less than one 
per cent. : 

Professor W. A. Holcomb, Ripley. erttlizers, applied one ton of sul- 
phate of potash on ten acres in 1893, and this year a light dressing of wood, 
ashes; Shelling, none. 

O. J. Tefft, Ripley. Soz/, gravel with low places; Fertilizers, used one 
quart of good maple ashes per vine ; Shelling, most of the vines shell, par- 
ticularly in the low muck ground. 

G. Schoenfeld, Westfield. Formerly had charge of a vineyard. Soil, 
gravelly loam ; Fertilizers, one, to one and one-half pounds of muriate of 
potash applied in the spring to the vines which shelled the fall before, stop- 
ped the trouble. 

E. W. Skinner, Portland. Soz/, gravelly loam; Fertilizers, applied half 
a pound of German potash salts to plants when they were set several years 
ago. About the same amount used again in 1893. Shelling, nearly twenty 
per cent. 

J. A. H. Skinner, Brocton. .Soz/, 1, a heavy sandy loam, rather low, and 
formerly used for pasture; 2, a gravel loam, high ground, formerly used as 
a garden ; 3, a lighter soil used forwaising grain; 4, shale loam, upon which 
stood an orchard; fertilizer, none; Shelling, piece 1, none; 2, about 5 
per cent.; 3, from 15 per cent. to 25 per cent.; 4, none along the horders 
of the vineyard, from 1 per cent. to Io per cent. in the interior. 

Chas. Payne, Brocton; Fertilizers, much stable manure used continually ; 
Shelling, the vineyard was set three years ago. This year it set heavily and 
shelled severely. 

A. Kelly, Brockton. Soz/; varies, sand, loam, clay; Fertilizers, applied 
two hundred pounds raw bone meal per acre where the plants were set six 
yearsago. Since then four hundred pounds of potash have been applied twice. 
Shelling, about 5 per cent., there being apparently no difference in severity 
on the different soils. 

George S. Kent, Westfield. So7/, a loam inclined to be heavy and poor ; 
Fertilizers, mostly horse manure for several years. Last year used on a part 
sulphate of potash costing $50 per ton, and some years before ashes to a con- 
siderable extent. Shelling, none except on three or four Concord vine 
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growing in an alluvial deposit of several inches of dark soil. It is the rich- 
est part of the vineyard and I never added manure thinking it needed none. 

E. H. Fay & Son, Portland. So#/, side hill of loam and coarse gravel in- 
clined to be dry. It is rather shallow and poor and was used not less than 
fifteen years as a cattle and horse pasture ; Fertilizers, none. Shelling, only 
occasionally a bunch. 

T. J. Walker, Ripley. Soz/, both gravel and clay soils, well drained and 
fairly rich; Fertilizers, applied potash in 1893 at the rate of one pound to 
the vine, and also stable manure. Shelling, about I per cent. 

A. W. Rumsey, Westfield. Soz/, rolling, the hollows being of soil worked 
down into them, and all quite well drained; Fertilizers, a very little stable 
manure. Shelling, about I per ceut., occurring mostly in the lower parts of 
the vineyard. Probable cause, a superabundance of foliage absorbing all the 
moisture during drought at the expense of the fruit, 

Fraser & Co., Westfield. Soz/, gravelly loam and sandy loam. Was 
cropped in parts for many years with grain and hay ; Fer¢#/izers, wood ashes 
and bone in some sections, muriate of potash and mixed fertilizers in others, 
and occasionally a little compost of stable manure. Stelling, lost by shell- 
ing probably 2 per cent. to 3 per cent. 

A. B. Hawkins, Ripley. Soz/, dry gravelly loam, naturally rich; grain and 
grass grown for many years; Fertilizers, animal manures. Shelling from 
2 per cent. to 5 per cent., but where the manure was applied the grapes did 
not shell. 

Jno. W. Spencer, Westfield. Soz/, shaley clay with bed rock within thirty 
inches of the surface; Fertilizers, two years before being on the vine ap- 
plied a shovel of stable manure to each plant each season. First crop 
nothing; second crop, four hundred pounds muriate of potash and four 
hundred pounds bone on one and three-fourths acres; third crop (1894) one 
hundred pounds un!eached hardwood ashes on the same land. Shelling ; 
shelling goes by plants, some plants 50 percent., average 5 per cent. on piece of 
one and three-fourths acres. [While in conversation with Mr. Spencer he 
said that the worst shelling was in those portions of the vineyard in which 
the underlying rock came nearest the surface. E. G. L.] Probable cause; 
fungous disease on part or whole of them; plants not having proper formula 
of food are most susceptible to disease. 

Chas. EK. Brown, Ripley. Soz/, rich black loam, rather wet; Fertilizers, 
heavy dressings of barnyard manure. Shelling, 5 percent. Probable cause ; 
might be mildew, is usually worst where vines have the most foliage. 

B. M. Taylor, Portland. Soz/, mostly rich, dry gravel with occasional 
hard loam in low places; Fer¢zlizer, one portion barnyard manure, another 
salt and ashes. Shelling, none. Probable cause, drought and want of fer- 
tilizer. One of the worst vineyards I had last year received a good dose of 
salt and ashes and this year it has the best fruit of any and does not shell. 

R. G, Wright, Westfield. .Soz/, rich black loam, clay subsoil . Fertilizers, 
not any until last spring when I applied potash at the rate of five hundred 
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pounds per acre upon one-half, and fourteen two-horse loads of rich horse 
manure upon the other half. Se//ing, none, except six rows which I did 
not fertilize. These shelled badly. 

M. L. Taylor, Portland. .Soz/ similar to that ef Mr. Geo. W. Marsh and 
adjoining it. Fertilizers, applied one ton Canada ashes in 1893 and in 1894 
repeated the application. She//ing, apparently not benefited by the ashes 
and about 4o per cent. of the grapes dropping in the worst portions. 

S. S. Grandin, Westfield. Soz/,a dry shale, originally not very good; 
used about Io years inraising grain. Fertilizers, on theshale none. Shell- 
ing, 30 per cent. to 4o per cent. On other land that was manured the shell- 
ing was from 13 per cent. to 20 per cent. 

E. H. Fay & Son, Portland. .Soz/, low, flat land consisting of rich, black 
muck. It was used for growing hay for twenty-five years before the vineyard 
was set. Fertilizers, none. Shelling, about 20 per cont. Probable cause, 
extremes of wet and dry weather. 

E. D. Warner, Forestville. Soz/, part gravel and part muck mixed with 
loam, this last being inclined to be wet. Fertilizers, the land has had barn- 
yard manure more or less for twenty-five years, during which time it was 
used for meadow. Last fall, and the fall before, applied one shovel barnyard 
manure about each plant. Shelling, from 12 per cent. to 25 per cent. of the 
crop. Probable cause ; about here the vines do not shell so much on clay 
land as upon other soils; they seem to be worse also upon richer lands. 
There is a meadow on the west side of my vineyard and the two rows next 
the meadow do not shell; the third row but little, and the trouble increases 
towards the center of the vineyard. Nor is there any Se at the ends 
of the rows. 

Franklin Peck, Westfield. Soz/, not very good and naturally rather poor. 
Fertilizers, none worth mentioning. Shelling, 20 per cent. 

Frank Maginnis, Portland. .Soz/, clay loam, poor, thin, anddry. During 
four years previous to setting the vineyard the land was sown to oats, two 
hundred and fifty pounds of phosphates being used to the acre. The average 
yield of oats was thirty bushels per acre. /erti/izers, in setting vines used 
high grade phosphates; in 1893 used twenty-five hundred pounds of high 
grade potash on ten acres. That is the part that has shelled the worst. 
Have used no other fertilizers in six years. Shelling. nearly 25 per cent. 

R. A. Hall, Brocton .Soi/, black rich loam, rather wet. Fertilizers, none. 
Shelling, 50 per cent. 

C. M. Whitmier, Brocton. Soz/, gravelly loam, well drained. Fertzlizers, 
applied liberai quantities of a mixture of tankage, bone meal, dried blood, 
and sheep manure to the first row or each side of a road passing through the 
vineyard. Shelling, very little on the treated rows, 20 per cent. to 30 per. - 
cent. on the rows back of the first ones. 
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B: PowDERY MILDEW. 
(Uncinula spiralis.) 


The appearance of this mildew has been described on page 423. 
The fungus begins to attack the grape early in June and then con- 
tinues to spread with greater or less severity throughout the grow- 
ing season. Dry weather seems to assist in holding it in check, 
and warm rains are sometimes followed by very severe attacks. 

The early applications which were formerly recommended in the 
treatment of most of the diseases of the grape are not now so 
strongly insisted upon. For the treatment of the powdery mildew, 
the following applications should be sufficient. The Bordeaux 
mixture or the ammoniacal carbonate of copper may be used (see 
page 450, 451). It is perhaps better to use the Bordeaux early in 
the season, and later the ammoniacal solution. 

First application, about a week before the blossoms open. 

Second application, about a week after the blossoms fall. 

Third application, about two weeks after the second treatment. 

Fourth application ; in many cases this can be omitted entirely. 
The time for making it cannot be definitely stated, but it may be 
required some time within two to four weeks after the third. 

Mr. J. A. H. Skinner, of Brocton, has been very successful in con- 
trolling this mildew by the use of the ammoniacal solution alone. 
As this is much more easily applied, it may be safe to use it exclu- 
sively. In making the applications care should be taken to s¢vike 
the clusters as well as the foliage, for where there is none of the 
fungicide there the mildew has achance. Later in the season the 
application should be directed more to the foliage, for fear of stain- 
ing the fruit. 

As yet, the Chautauqua vineyards have been apparently almost 
free from other fungous diseases and the advisability of spraying 
is an open question. During the past season the powdery 
mildew does not seem to have been sufficiently severe to warrant 
spraying beyond exceptional cases. What the conditions will 
be next year it is impossible to say. 
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C. ANTHRACNOSE. 


(Sphaceloma ampelinum.) 


Upon certain varieties, as Moore’s Diamond, Brighton and oth- 
ers, anthracnose is sometimes very severe. It attacks the green f 
stems, leaves and fruit, and sometimes causes a total loss of * ov 
crop. 

The first indication of the disease upon the stems is the appe _ 
ance of small dark brown or black spots, sunken in the cent ~~ 
portions. These spots enlarge, generally extending up and down 
the stem, thus forming oval-shaped areas. Sometimes, however, 
the disease encircles the stem in such a manner as to girdle it and 
the result is similar to that which would occur if the girdling had 
been due to some other cause. This form of the disease is parti- 
cularly prevalent upon the stem of the grapecluster. Here it is 
sometimes called ‘‘ring-around.’’ As the disease progresses, the 
central portion of affected areas becomes more sunken and finally 
assumes an ashen color, only the edges of the affected part retain- 
ing the dark color. 

On the fruit, the first stages are similar to those in the stem. 
The affected part is, however, often surrounded by a band having 
a reddish tinge and the center does not always assume the same 
ashen color, but it remains rather a dark brown. ‘The diseased 
surface is quite smooth, and sometimes measures a quarter of an 
inch in diameter. If the berry is attacked while young, or if at- 
tacked in several places when grown, it is of no commercial value. 

Anthracnose of the grape is the most obstinate disease which 
the New York vineyardists have to combat. No authenticated 
cases are on record showing that the disease has been successfully 
treated by the use of the Bordeaux mixture or of any other fun- 
gicide after the foliage hasexpanded. In fact, Ido not know of a 
single case in which the disease has been kept under control 
in this state, whatever the method followed. 

The anthracnose of the grape is probably of European origin. 
It was introduced into this country fifteen years ago or more, and 
has since spread into most sections in which grapes are grown. 
In Europe it has long been successfully treated, but whether 
the same remedies will answer equally well in this country still 
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retnains to be seen. The following is the method commonly 
employed by the foreign vineyardists : 

Early in spring, just before the buds begin to swell, the arms 
and canes, including the buds, are treated with a solution made 
4° sulphate of iron (copperas), sulphuric acid, and water in the 
tit. jwing proportions : 


ing | Sulphate of iron, IIo pounds. 
an Sulphuric acid (commercial), I quart. 
Water (hot), 26 gallons. 


Care must be taken first to pour the acid upon the sulphate of 
iron crystals, and only then the water may be added. Otherwise 
there is danger of the water and acid being spattered when the 
two come in contact. This solution should be used the day it is 
made, for the iron sulphate will re-crystallize upon cooling if the 
liquid is allowed to stand any length of time. 

Owing to the caustic properties of this solution it cannot be 
applied with our common spray pumps. The method followed 
in France is to tie a bundle of rags at one end of a stick and with 
this swab the vines are carefully treated. All portions of the vine 
that are covered turn black and in case the work has not been well 
done another application is made, but only the light-colored por- 
tions then receive attention. 

The principal objection to this remedy is its expense and this 
will prove a serious drawback to the adoption of the method in 
this country. The vines can scarcely be injured by the applica- 
tion for I have used a similar solution which contained ten per 
cent. of sulphuric acid upon swelling buds, to the injury of about 
one-half of them. This remedy will be given a further trial and 
reported upon. 


PART II—IN CENTRAL NEW YORK. 


ANTHRACNOSE. 
POWDERY MILDEW. 
SHELLING. 


These troubles are found to a limited extent in central New 
York, but the conditions are so similar to those in Chautauqua 
county that what applies to one region will apply to the other 
also. But other diseases have also been present this year and | 
they will be briefly discussed. 


D. BLACK RoT: 
(Lestadia Bidwelli.) 


Black rot was very prevalent in the vineyards situated on the 
banks of most of the lakes of central New York. Some untreated 
vineyards lost from fifty to seventy-five per cent. of the crop from 
this disease, and even some treated vineyards showed a large 
amount of worthless fruit. Some vineyardists have said that the 
more the vines were sprayed the worse the rot became and many 
feel discouraged over the results of the season’s work. 

The black rot fungus attacks the berries most severely. Upon 
them it first manifests itself, generally when the berry is about 
full grown, by producing a brown or purplish spot upon one side. 
This color gradually extends over the entire berry and in the 
course of a few days the surface assumes a uniform dark brown 
appearance, which is deeper, however, in the portion first affected. 
This part begins to turn darker and produces many small, black 
pimples, these being a very characteristic feature of this disease. 
The berry now begins to shrink and dry, but it remains hanging 
on the stem until late in the season, sometimes throughout the 
winter. 

‘‘In the leaf the fungus causes well defined reddish brown 
spots of varying size, usually rounded in outline, and dispersed 
on the parts between the principal nerves. These spots usually 
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appear some days or even a week or two before the berries are 
attacked. On the young shoots and leaf stalks it effects char- 
acteristic changes in the form of elongated, very dark brown or 
black spots, which are slightly depressed owing to the absorption 
of the juices from the cells composing the underlying tissues, 


Fic. 5.—Catawba clusters and black rot. 
Not sprayed. Sprayed. 


over the surface of which the characteristic pimples or pustules 
are more or less thickly scattered.’’* 

The treatments for the black rot are very similar to those men- 
tioned on page 441. One fact should, however, be kept constantly 
in mind: the black rot is a very energetic disease and a berry 
affected with it is ruined. The fungus does not appear until 
rather late in the season, generally not until the fruit is fully two- 
thirds grown. This makes later applications dangerous on ac- 
count of the necessary staining of the fruit. It is therefore 


*Scribner. Fungous Diseases of the Grape and Other Plants, p. ro. 
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essential for the satisfactory control of the black rot that the early 
application be made as thoroughly as possible and upon the same 
dates as given for the first treatments of the powdery mildew. If 
the rot is feared, the last applications should be made more fre- 
quently, and as long as there is no danger of a permanent staining 
of the fruit the clusters should be thoroughly treated. The ammo- 
niacal carbonate of copper should be used after the middle of July, 
or the first of August at the latest. It is better to use the Bor- 
deaux mixture early in the season. The total number of applica- 
tions necessary to control the black rot varies from three to seven, 
depending upon the dampness and temperature of the summer 
months. In warm weather, when the air and soil are kept moist 
by frequent showers, the disease often spreads with extreme rapidity, 
and under such conditions the treatment must be repeated every 
seven to ten days. Among some Seneca lake vineyardists there 
has arisen the impression that the more they spray the worse the 
rot becomes. Such a state of affairs is of course impossible. 
The applications made were probably not followed by as good re- 
sults as was expected but that must be the fault of the operator 
and not of the mixture. One cause of this trouble was quite 
evident. The vines were a mass of foliage, so that it seemed im- 
possible to reach the individual clusters in spraying. The land 
was also very rich in nitrogen so that the conditions were favora- 
ble to fungous growths. The absolute necessity of thorough 
work cannot be to strongly emphasized. Figure 5 represents 
two clusters of Catawbas, the one on the left not treated, the one 
on the right treated according to the above directions. In this 
case absolute protection was afforded by the spray. 


E. Brown Rot, Gray Ror. 
(Peronospora viticola. ) 


This disease is also caused by a fungus which thrives upon all 
the green portions of the grape. 

It may attack the berries any time during the growing season 
but is as a rule more serious early in the summer. Diseased 
berries stop growing and soon becomes covered with a mealy sub- 
stance which gives them a gray appearance. This has caused 
the disease to be called a gray rot. When the berries are more 
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advanced at the time the fungus attacks them they turn brown, 
which has given rise to the name of brown rot, and the gray ap- 
pearance is not always present. Figure 6 shows two clusters of 
Niagara grapes attacked early in the season. 


Fic. 6.— Young Niagara clusters attacked by brown or gray rot. 


The leaves and young shoots also suffer early in the year but 
the worst time for them appears to be during July. Still I have 
seen comparatively fresh growth of the fungus as late as October, 
so that there is danger from the disease so long as there are green 
portions upon the vine. The fruiting portion of this fungus ap- 
pears upon the under side of the leaves in the form of gray, downy 
growths. Directly above these the upper side of the leaves show 
yellow discolorations which soon turn brown as the affected part 
of the leaf dies. These areas are quite sharply defined, and the 
entire leaf does not change color in consequence of such diseased 
portions. 
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The stems when mildewed show the same gray appearance on 
their surface as isseen on the under side of the leaves. Insevere 
cases the fungus kills the stem outright beyond the diseased por- 
fion, and a general browning of these parts takes place. 

The downy mildew is not so serious late in the season as is the 
black rot, and this necessitates particular care in making the early 
applications. ‘The Bordeaux mixture and the ammoniacal car- 
bonate of copper are the safest fungicides to use. The appli- 
cations should be made as already recommended for the pow- 
dery mildew, but greater thoroughness must again be insisted 
upon, as the disease is more serious than the powdery mildew. 


F. Ripe Rot. 
(Gleosporium fructigenum.) 


A disease which to all appearances was the ripe or bitter rot of 
grapes was seen in some vineyards about Keuka lake. This year 
the injury done was not serious, but it is evident that the disease 
exists in this region and it may cause severe losses if the proper 
conditions for its development are present. 

Affected berries change color in the portion first attacked, and this 
discoloration gradually spreads over the entire berry changing it 
to a reddish brown. Here the berry remains and shrivels, often 
hanging to the stem until quite dry, or sometimes dropping to 
the ground as soon as the shrivelling begins. Pimples appear on 
the surface of the shrunken portions, but such berries can be dis- 
tinguished from those attacked by the black rot by their not being 
of such a black color. ‘They are generally a clear brown or deep 
purple.* 

This disease appears to attack grapes later than does the black 
rot, which makes it rather difficult to control. But the appli- 
cations designed for black rot, if thoroughly made, will also 
check the progress of this disease. 


G. DROUGHT. 


In several vineyards on the shores of Canandaigua lake were 
noticed vines which had lost most of the lower leaves from the 


* Scribner; /d7d. pp. 38, 39. 
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canes, thus leaving the fruit entirely exposed to the direct rays of 
the sun. The trouble seems to have begun during the latter part 
of summer. ‘The leaves turned yellow and then brown, this last 
color generally appearing in those parts of the leaf situated far- 
thest from the main veins. One-half of the leaf was in some 
cases destroyed before the other part seemed to suffer. The ma- 
jority of such cases seemed to occur in portions that were directly 
exposed to the full force of the sun’s rays. Such leaves were 
more or less curled, or they were so placed that one part shaded 
another. Asarule, the shaded portion did not suffer much until 
the part that received the sunlight was very seriously affected. 
Then the whole leaf gradually yielded to the trouble. The final 
result was that all the more seriously affected leaves eventually 
dried and fell from the vines, giving the vineyard a thin and un- 
healthy appearance. 

The cause of the trouble was probably the dry weather, for 
the thinner the soil and the more it dried out, the worse 
the trouble seemed to become. Some entire vineyards were 
injured, others suffered only in certain portions, and those 
which were upon moister ground did not suffer at all. As soonas 
the fall rains came, the falling of the leaves immediately stopped. 

Any cause which will tend to retain moisture in the soil will 
lessen the severity of the trouble. The worst case seen was ina 
Delaware vineyard that had received apparently no cultivation. 
If a thin mulch of cultivated soil had lain upon the ground, the 
evaporation would not have been so great and the vines would 
not have suffered as they did. More expensive and effective rem- 
edies can hardly be recommended at present. 


PART III—MACHINERY FOR SPRAYING—FORMULAS. 


The machinery to use in spraying vineyards and other planta- 
tions should be as simple and effective as possible. Three general 
styles are now in use; knapsack pumps, hand pumps, and power 
sprayers. 

The knapsack pump is probably the most effective, for the 
spray is entirely under the control of the operator and the work 
can be done as thoroughly as desired. It is open to the objection 
of being hard to carry and to work, and it is also very slow. 

The hand pump, when placed on the side of a barrel and mounted 
in a wagon, makes a very serviceable outfit on level ground. 
It allows the use of two nozzles, and possesses greater power 
than the knapsack. A good arrangement is to have one man 
drive and hold one nozzle while the other man pumps and holds the 
other nozzle. 

Power sprayers are the easiest to use, for in them the horse does 
the pumping. My experience with these has been such that Iam 
convinced that for all low growing plants they are the most satis- 
factory machines to use. They must be adapted to the work, and 
be properly built and handled to give the best results. If a good 
machine is used, the work will be done about as effectively as with 
a hand pump, and much more easily. Some New York vineyards 
have been kept practically free from fungous diseases by their use. 

The best nozzles for such work are probably the Vermorel, the 
McGowen, or the Bordeaux. These can be graduated, are easily 
cleaned, and are durable. 


FORMULAS. 
Bordeaux Mixture. 


Sulphate of copper, 6 pounds. 

Quick lime, 4 pounds. 

Water, 40 to 50 gallons. 

Dissolve the sulphate by hanging it in a bag in the liquid at the 
top of a wooden or earthen vessel full of water. One gallon of 
water will dissolve from one to two pounds of the sulphate. The 
lime should be slaked in an equal volume of water and when the 
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two are ready they can be poured the one into the other and then 
thoroughly stirred. 

Another way of making the Bordeaux mixture has recently 
come into use. ‘The sulphate of copper is used at the same rate 
as above but it is dissolved so that every gallon of the solution 
shall contain one pound of the sulphate. Then for the above 
formula six gallons would be taken and to this milk of lime is 
added until the ferro-cyanide of potassium will not discolor the 
mixture when a drop or two are added to it. So long as there is 
not sufficient lime present the test will show a dark brown dis- 
coloration where the material falls. When enough lime has been 
added no change takes place. The test solution is made by dis- 
solving about an ounce of the ferro-cyanide of potassium in a pint 
of water. Only a drop or two need be used at a time, when 
making the mixture. Ishould recommend adding more lime than 
the test shows to be necessary,for from the experience of the past 
season the Bordeaux mixture has in some cases done serious dam- 
age to fruit. This subject will be more fully discussed in a future 
bulletin. 


Ammoniacal Carbonate of Copper. 


Carbonate of copper, one ounce. 

Ammonia, enough to dissolve the copper. 

Water, nine gallons. 

The copper carbonate should first be moistened with a little 
water and the ammonia then added. This stock solution should 
be kept tightly corked until used. It will keep indefinitely. 
When wanted,dilute to the required extent with water, and apply. 


Lron Sulphate and Sulphuric Acid Solution. 
' (French, for Anthracnose). 


Sulphate of iron, 110 pounds. 

Sulphuric acid (commercial), 1 quart. 

Water (hot), 26 gallons. 

First pour the acid upon the iron crystals and then add the hot 
water. As soon as the crystals are dissolved the solution is ready 
for use and should be applied the same day if possible. Do not ap- 
ply this by means of metal apparatus for the acid will corrode 
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and render it worthless. Apply with a cloth swab, and only to 
dormant plants. 


SUMMARY.* 
PART I. 


1. The shelling of grapes occurred to a very serious extent in 
1890 and 1894. Page 418. 

2. This disease is probably not identical with apoplexie or with 
rougeot, two diseases occasionally present in French vineyards. 
Pages 420, 421. 

3. Insects do not cause the disease. Page 423. 

4. Fungi, especially the powdery mildew, may aggravate the 
condition to a limited extent, but they cannot be held as the prime 
cause of the trouble. Page 423. 

5. The ‘‘blight’’ or unnatural dying of the foliage is not the 
cause of the malady, but is probably a manifestation of the action 
of the same causes which produce the shelling of the grapes. 
Page 424. 

6. The stems shrivelling before the berries mature is another 
condition produced by the same cause. Page 425. 

7. The premature ripening of the berries is due to the same 
causes as the blight of the leaves and the abnormal condition of 
the fruit stems. Page 425. 

8. The premature ripening of the wood, while it may toa 
certain extent be the cause of the shelling, can scarcely be con- 
sidered as the fundamental cause of all the trouble. Page 425. 

g. Vines which are allowed to overbear are probably more lia- 
ble to shell than are those notin the same condition. The weak- 
ening of a plant causes it to succumb more easily to unfavorable 
conditions. Page 425. 

1o. Too much wood may increase the extent of the trouble, 
for when the wood ripens it apparently takes its required nourish- 
ment at the expense of the fruit. Page 426. 

11. Too rich land will scarcely cause shelling provided the 


* NoTE.—The conclusions regarding the shelling of grapes have been 
drawn almost entirely from one season’s observations, and the subject should 
receive further attention in the future. 
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available food supply is present in proper proportions for the use 
of the plant. Page 426. 

12. Nitrogen apparently increases the amount o shelling. 
Lands which are rich in this element of plant food seem to suffer 
more than those growing in land that makes a smaller growth of 
wood. Page 427. 

13. The shelling of grapes upon soils rich in nitrogen is pro- 
pably not due to an inherent tendency of the nitrogenous food to 
produce shelling, but rather to a faulty ratio between the amounts 
of available plant food. Page 427. 

14. The kind of soil, not considering the food supply con- 
tained in it, does not appear to exercise any marked influence 
upon the degree of shelling. Page 427. 

15- Too much cultivation seems to aggravate the trouble, 
probably on account of the larger amount of nitrogenous food 
liberated by theoperation. Page 427. 

16. Excessive drought alone cannot be held as the sole cause of 
the trouble, although it is probable that the dry weather caused 
the loss to be greater than it would otherwise have been. Page 428. 

17. Excessive rains after a prolonged drought may have influ- 
enced the severity of the shelling but to what extent is not 
known. Page 429. 

18. A weak root system would have an effect upon a plant 
similar to that exercised by allowing it to overbear, and a like 
tendency towards shelling would exist. It seems probable from 
the fact that young vines, asa rule, shell the most, that the lim- 
ited root system may be in part responsible for the trouble. 
Page 429. 

19. A want of barnyard manure has been ascribed as a cause, 
and the trouble, in one case,has been stopped by its use. Page 431. 

20. No evidence at hand goes to show that shelling is due to 
a want of phosphoric acid. Page 431. 

21. Many vineyardists have apparently stopped the shelling 
by applications of potash. Page 431. 

22. Potash seems to be the food required by the plant in the 
majority of the cases in which the vines shell and it may be 
wanted in all cases. Page 432. 

23. The principal reason for this lack of potash is undoubt- 
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edly the continuous cropping to which most of the shelling land 
was submitted before the vineyards were set. Page 432. 

24. Excessive heat of itself did not cause the shelling. 
Page 435. 

25. A warm wind, one which would have a tendency to excite 
active growth, might have a tendency to increase the shelling. 
Page 435. 

26. A cool wind or cool weather, on the contrary, may stop. 
the trouble to a considerable extent. Page 435. 

27: Powdery mildew was quite prevalent in Chautauqua 
county in 1894, but it is certain that the usual remedies will 
check the disease. Pages 436, 441. 

28. Anthracnose is serious in some localities and it is recom- 
mended that growers make a trial of the acid sulphate of iron 
solution, as described on page 443. 


PART II. 

29. Shelling, anthracnose, and powdery mildew exist also in 
the lake region of central New York. The remedies already 
mentioned are recommended. 

30. Black rot, brown rot, and ripe rot appear to have done 
some injury in this region during the past season, and the usual 
remedies are recommended. Pages 444, 446, 448. 

31. The failure of some vineyardists to prevent these diseases 
was probably owing to a too heavy growth of foliage, and to 
improper methods of making the applications. 

32. Drought caused some vineyards to suffer severely. Shal- 
low and frequent cultivation is probably the most practical method 
of counteracting this influence. Page 448. 


PART MAT: 

33. A knapsack sprayer is the most effective machine, but it 
is the hardest to work and the slowest in covering the plants. 
Page 450. 

34. Hand pumps allow of much more rapid work, but the 
work is not always so effective. Page 450. 

35. Power sprayers, under favorable circumstances, are the 
most desirable machines for spraying vineyards. Page 450. 

EK. G. LODEMAN. 
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Siv :—The average yield of grapes in western New York in 
good years is one and three-fourth tons to the acre. This is half 
or less the yield of the best vineyards. ‘This low average is due 
to many causes, but one of the chief is the persistent growing of 
unproductive varieties. The most ready means of correcting this 
fault is to graft the unprofitable varieties, but growers are, in gen- 
eral, ignorant of the process. The following account, therefore, 
- drawn from our own experiments, and from the experience of 
vineyardists in western New York, is prepared for the purpose of 
supplying this information ; and it is submitted: for publication 
and distribution under section 87, chapter 675, of the laws of 
1894. L. H. BAILEY. 


THE EXPERIMENT STATION EXTENSION, OR 
NIXON, BILL. 


A law was made last winter appropriating $8,000 to be expended by Cornell 
University for the benefit of horticulture in the Fifth Judicial Department 
of the State—an area comprising the counties of Cayuga, Seneca, Yates, 
Steuben, and all counties to the westward. This fund is to be expended “in 
conducting investigations and experiments in horticulture; in discovering 
and remedying the diseases of plants, vines and fruit trees; in ascertaining 
the best means of fertilizing vineyard, fruit and garden plantations, and of 
making orchards, vineyards and gardens prolific; in disseminating horticul- 
tural knowledge by means of lectures or otherwise; and in preparing and 
printing, for free distribution, the results of such investigations and experi- 
ments, and such other information as may be deemed desirable and profitable 
in promoting the horticultural interests of the State.’’ All this work is to be 
prosecuted by Cornell University ‘‘ under the general supervision and direc- 
tion of the Commissioner of Agriculture.” 

This bill became a law so late in the season, that few particular lines of 
experimentation could be attempted which should give results the present 
year. But an effort has been made to complete a somewhat thorough survey 
of the horticultural industries of the Fifth Judicial Department, and the 
results of this undertaking are now appearing in bulletin form. Bulletins 69, 
70, 71, 72, 74, 75, 76 and 77 belong to this series, and others, so far as the 
fund will allow, are forthcoming. It is hoped that these reports, by discoy- 
ering and recording the present state of the interests of which they treat, may 
form the basis for exact experimentation, if such is desired in the future. 
Every good farm is, in an important sense, an experiment station, but its 
teachings, in order to be valuable and of use to the commonwealth, must be 
studied by a trained and disinterested observer. Such results, when published, 
are of inestimable value, because they arise from noruial and practical condi- 
tions; and they inspire a confidence and sympathy which investigations con- 
ducted at a central experiment station can scarcely hope to awaken. 

Yet, certain experiments are already well under way. Somewhat extensive 
investigations of the actual fertilizing of orchard lands are progressing in 
various parts of western New York; and about 500 acres of fruit plantations 
have been sprayed directly or indirectly through our efforts, and the results 
have been subjects of careful study. Aside from these, many special experi- 
ments are in progress in the interest of the law, the precise nature of which 
will appear as the investigations mature. It should also be said, that an im- 
portant feature of the operation of the Nixon law, is the opportunity which 
it extends to every horticulturist in the Fifth Judicial Department to have 
his particular difficulties investigated, and to receive direct advice from per- 
sons who are expert in particular directions. 

In order to fully secure the benefits of the law, it is necessary that horticul- 
turists freely coOperate with us in the way of furnishing information, inallow- 
ing us the use of plantations for study and experiment, and in laying before 
us the difficulties under which they labor. 

. L. H. BAILEY, Officer in Charge, 
ITHACA, N.Y; 


GRAPE GRAFTING. 


INTRODUCTORY. 


The grafting of grapes is a subject which is increasing in im- 
portance as grape growers become more familiar with the varie- 
ties which are now growing in their vineyards. Many bearing 
vineyards are not giving such satisfactory returns as were expected 
and in many cases it is often largely owing to the fact that the 
proper varieties have not been selected. Or a certain district 
may be especially adapted to the growing of particular varieties, 
and it seems to be desirable to alter vineyards now in bearing so 
that they will produce the desired fruit without the loss of time 
which would result from tearing up the old plants and setting 
newones. These and similar causes have forced vineyardists to 
turn their attention to the grafting of their vines, and several 
have already done considerable work of this character. In this 
article trerbaceous, or soft wood grafting, will not be considered,as 
itis rarely used upon the grape. Various experiments upon a prac- 
tical basis have been made during the past two or three years by 
the writer and his former associate, L. C. Corbett, now professor 
of horticulture and forestry in the Agricultural College’of South 
Dakota. 

Structure of the stem.—Ward wood grafting is not a difficult 
operation when a few essential points are observed. From ninety- 
five to one hundred per cent. of the grafts should grow when the 
work is carefully done, and skill in performing the operations is 
soon acquired. 

Figure 1 represents a cross-section of the stem of a grape, and 
an understanding of the general character of the different parts 
will assist in explaining the reason of the successes as well as of 
the failures which will occur with all operators. 

The corky external layer (c k) as well as the bark (B) im- 
mediately underneath it are composed of cells which have ceased 
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to grow. The same may also be said of the cells of the wood (W), 


I. 


of the medullary rays (M), and of the pith (P). 


T5906 
00000000 
0 

9 0% 


She 


0 
STN 
S 


Ss 


Cross section of a grape cane, 
much magnified, to show the 


structure, ck, cork. sb, soft 
bast, h 6, hard bast. B. bark, 
C, cambium. W, wood. P, 


pith. M, medullary ray. 


Those forming 
the pith are perfectly inac- 
tive and have no practical 
value in the economy of 
the plant. The wood 
of the grape serves as a 
medium for the passage of 
large quantities of water or 

c crude sap. In these cells 
the general tendency of the 
movement is upward. 

The office of the bark and of the 
corky layer is probably mainly one 
of protection to the more delicate 
parts beneath. The cells compos- 
ing them, excepting the soft bast 
cells (s b), are also inactive, and 
possess apparently no life. The 
flow of liquid, if it ever takes place 
in them, is very limited’ The same 
may also be said of the medullary 
rays. The use of these woody cells, 
extending from the pith to the out- 
er bark, seems to be largely me- 
chanical, for they serve as a frame- 
work which is designed to give solid- 
ity to the stem, and also as a medium 
of connection between the inner and 
outer parts of the stem. 

One part of the diagram, that 
marked (C), still remains to be dis- 
cussed, and it is this portion which 
is of the greatest interest to those 


who graft plants. This layer of cells or cambium, as it is called, 
is that part of the stem which contains the living or growing cells. 
In the main part of the drawing it is represented simply by two 
parallel lines. But at the end of these lines to the right the struc- 
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ture is represented still more highly magnified. It is here seen 
to be composed of three rows of cells running in a direction par- 
allel to that of the bark. ‘The number of these rows varies at 
different times of the year, there being many more during the 
period of active growth. 

Office of the cambium.—lIt will be noticed that the cambium 
layer separates the wood from the bark. An interesting feature of 
this layer is that after division the cells next the bark go to the for- 
mation of bark, while those nearest the wood form woody fibre, yet 
the origin of the two isthe same. We may suppose the cells of the 
central row to be divided into halves by a vertical wall. One half 
will then go to the formation of either wood or of bark, as the case 
may be, while the other half remains to increase in size and to 
divide as before. Thus the origin of both the young bark and of 
the young wood is probably in a single row of cells situated be- 
tween these two parts of the stem, and it is largely in this layer 
that active growth in our common woody plants takes place. 

From the above it will at once appear that no union will take 
place between stock and cion unless the living cells, or the cam- 
bium layers of the two, are placed in close contact, and no graft- 
ing can be successful where these conditions are not complied with. 
Some plants appear to be more exacting in this respect than oth- 
ers, and the grape, fortunately for the careless vineyardist, is not 
so particular as are many of our cultivated trees and shrubs. It 
will undure a certain amount of careless work and still effect a 
union. 

This fact should not encourage poor or hasty workmanship. 
All tendencies which lessen the chances of success deserve to be 
studied so that they may be avoided. - No sand or dirt should be 
allowed to rest upon cut surfaces, if it can be helped, until after 
the parts are placed in position. Such particles would prevent to 
a greater or less degree the intimate contact of the two surfaces. 
All cuts should be made as smooth and as straight as possible so 
that no projection of wood will prevent the two layers from press- 
ing against each other. 

It is not essential to success that the cambium layer of the two 
parts be in contact at every point. Such a result is almost im- 
possible in practical work, and it is especially so in grapes where 
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large stocks are being worked, for in them the grain is generally 
considerably twisted. But in order to insure success the layers 
should come together in at least one point. This will be enough 
to insure the ‘‘taking ”’ of the graft, but the growth may not be 
very strong, and the union will naturally be rather weak for the 
first year or two. If the cambium layers are in proper condition 
and in close contact for a considerable distance, a strong union and 
a vigorous growth will result. 

Condition of cion and stock.—The condition of the cion and of 
the stock must also be considered, for it is of the greatest impor- 
tance that these should be in a proper state as regards the com- 
parative activity of the cambium layers. The cion should in all 
cases be dormant or practically so. If it is not dormant the cam- 
bium cells will have become accustomed to a certain supply of 
sap, and any serious reduction in this supply will be followed by 
a check which may be fatal. Suchacheck would take place if an 
active stem be cut and inserted upon a stock that is unable to 
supply the accustomed amount of nourishment ; or even if the 
sap of the stock is in active flow the comparatively slight transfer 
of material which could be made immediately after an operation 
would be insufficient to supply the demands of the cion. 

The stock may be more or less active, however, at the time of 
the grafting, provided the cion be inactive. A dormant cion re- 
quires but little nourishment, and if the stock satisfies these needs 
that is all that is required. The operations should be successful 
provided the flow from the stock is not so heavy that the cion will 
be ‘‘ drowned out.’’ Such a flow occurs while the first growth in 
spring is taking place, and cions should be inserted either before 
it begins or immediately after the most energetic action has ceased. 

Seasons for grafting.—Grape grafting may be performed in the 
fall, early in the spring before the heavy flow of sap begins, or. 
during late spring when the sap is no longer so active ; opinions 
are divided as to which is the best season of the year. If the 
work is done in the fall, the time for the uniting of the two por- 
tions before active growth begins is very long and on this account 
the chances of success are better. But the danger of accident 
during the winter must be taken into account to offset this advant- 
age. When the grafts are made below ground, as is commonly 
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done, there is danger of the cion being heaved out by the frost, 
or at least of being misplaced to such an extent that no union will 
take place. Soils which heave the most will be apt to do the 
most damage. Winter protection is essential to success and where 
it is given, good results should follow. The protection may con- 
sist of burying the cion completely after the graft has been made, 
or a heavy mulch of some material, as straw, leaves, etc., will 
answer. Such a covering will prevent the alternate thawing and 
freezing of the soil, which is sure to result in more or less injury 
to the graft. A.S. Fuller recoommends* grafting grapes ‘‘in the 
fall, after the leaves have fallen, and any time before the ground 
is frozen, say in October, November or December, varying accord- 
ing to the latitude.’’ His grafts are made below the surface of 
the soil and are protected very carefully from frost. This is done 
by placing an inverted flower-pot, sufficiently large for the pur- 
pose, over the cion, having the bottom of the pot on a level with 
the surface of the soil. The excavation is then filled with earth 
but the bottom of the flower-pot is left uncovered. Then all is 
covered with about six inches of straw and over this is placed soil 
to the depth of abouteight inches. When so protected, the grafts 
pass the winter in excellent condition and start off vigorously in 
the spring. 

The majority of those who have had practical experience in 
the grafting of grapes seem to agree in saying that early spring is 
the most suitable time for performing the operation, all things 
considered. The graft should be inserted before the flow of sap 
has begun, and the first warm days in March are the ones which 
are well suited to the work in a great many seasons. On the 
whole, the earlier in spring that the grafts are inserted the better 
are the chances of success, as more time is allowed for union to 
take place. Much depends upon the season, but generally March 
will offer some periods in which the vines can be worked. It is 
but a short time after the frost is out of the ground before the vines 
will bleed considerably when cut, so the work must be done before 
the season becomes far advanced. 

The third period in which grapes may be successfully grafted 
is late in spring, or as soon as the vines have made a growth of 


* Fuller, The Grape Culturist, 1867, p. 66. 
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eight or ten inches and the first heavy flow of sap has ceased. 
The principal objection to this season is the difficulty of obtain- 
ing suitable cions. ‘These should be cut while perfectly dormant ; 
they should then be packed in some damp material as sand, saw- 
dust, moss, ete., and placed in as cool a position as can be found. 
This is done to retard all growth until the cious are inserted. 
When the grafting is done in the fall or early spring the wood is 
in suitable condition for use, and it may be cut as wanted. But 
for late spring grafting the wood must be cut and stored in an ice 
house if possible, although open ground in some well shaded spot 
will also answer fairly well. 

It will be noticed that in the methods of grafting described 
in the following pages only those are mentioned in which the cut 
surfaces of the stock are all below the level of the ground. My 
experience with grafting grapes above ground* has been such 
that I cannot recommend it, except for particular purposes. 
Much better results are obtained when the cions are inserted low 
enough so that they may be partially or wholly covered by moist 
earth. ‘The work is then done under certain disadvantages, but the 
successes are so much greater that they more than make up for 
the extra trouble. 


METHODS OF GRAFTING. 


On Established Plants. 


No. 1. Cleft graft.—This form of graft is generally made by 
sawing off the vine from three to six inches below the surface of 
the soil, leaving a stub into which one or two cions may be 
inserted, as shown in Fig. 2. The saw used should be sharp so 
that it will work easily and not lacerate the edges of the stub. 
When much grafting is to be done it might be a matter of econ- 
omy to have a saw made especially adapted to the purpose. The 
handle should be on a higher plane than the blade ; this allows 
the free use of the hands above the ground while tke blade is 
below, near the bottom of the excavation made about the stem of 
the vine. If a common straight saw is used, the stock must be 


* For an account of some experiments conducted in 1891 with reference to 
this point see Garden and Forest, v. p. 498. 
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cut off at an angle or the hole must be made larger, neither 
result being exactly what is desired. The blade need not be 
more than six or eight inches long, and only wide enough to 
give it firmness. The handle, which can be of any convenient 
pattern but large enough to 
be grasped by both hands, 
should be attached to a solid 
bent shank having the part 
VEAINS = which lowers the block into 

I WZ Ni the excavation from three 
\S7iN Ags gs @==-= to four inches in length. 
Wie When the stock has been 
sawed, it is a good plan 
to smooth the top of the 
stub, at the places in which 
the cions are to stand, with 
a sharp knife in order to dress those portions of the sawed sur- 
face and to show more distinctly the line dividing the bark from 
the wood. 

The next step is to split the stub, leaving the smoothed parts 
above mentioned at the top of the cleft. This splitting of the 
stub is not such an easy matter as at first appears. A tool 
commonly used for this purpose is shown in Fig. 3. It is made 
very strong so that there will be no danger of its breaking when 
driven into the stub. A large chisel might answer the same pur- 
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3. Grafting knife for splitting stubs. 


pose. The cutting edges should be sharp to prevent unnecessary 
tearing of the cells. The grain of grape wood is by no means 
very straight and some varieties seem to have a peculiarly twisted 
wood. In such cases a keen edge upon the tool is of great value. 
It has been recommended to use a fine saw for making a cleft to 
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receive the cions ; in many cases this advice is well worth follow- 
ing for it is practically impossible in some instances to split a stub 
in such a manner that a cion will have much chance of growing: 
When the stub has been split or sawed to a depth of about two 
inches it is then ready to receive the cions. ‘These should be 
prepared as shown in Fig. 4. They should carry at least two 
buds, and short-jointed wood may carry three. The 
cuts which form the lower end of the cion into a 
wedge should begin a little below and on each side of 
the lower bud. The wood should be cut so that the 
edge opposite the bud shall be thinner than the part 
under it, as is shown in the illustration. These cions 
may be prepared in this manner before taking them 
to the field, but care must be taken that the cut surfaces 
do not become dry. ‘This may be prevented by packing 
them in some clean material as moss or moistened 
cloth. When all is ready for the insertion, the wedge 
which projects at the end of the grafting knife, Fig. 
3, is driven into the central portion of the cleft until 
the space is large enough to receive the cions. These 
are then “carefully inserted, not in a direction parallel 
to the central axis of the stub, but ata slight angl 
with it, allowing the tops of the cions to lean a trifle 
away from the stub and from each other. The rea- 
son for this inclination is to make sure that the cam- 
bium layers of cion and stock cross at one point at least. 
The greater the angle of the cion the shorter will be 
this place of contact; therefore, care must be taken 
that the cions diverge but slightly. When both 
cions are in position, the lower bua, having been 
placed on the outside, the wedge is carefully with- 
drawn. As the cleft in the stub closes, pressure is brought to bear 
upon the grafts; but since these were cut so that the portion under 
the lower bud is thicker than the part opposite to it, the pressure 
is greater at the outer side of the cion. This is where it is wanted, 
for the cambium layers are brought into very close contact and 
if the work has been well done success is practically assured. In 
case of large stubs, the pressure in the cleft may be severe enough 
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to injure the graft. When the cion is being squeezed so that its 
form is altered it is well to insert a wooden wedge in the cleft to 
relieve this excessive pressure. 

All that now remains to be done is to fill the cavity about the 
stub with earth, and the cion should also be buried so that only 
about an inch, or the part above the upper bud, remains uncovered. 
The soil should be firmed slightly to prevent it from drying out, 
and the operation is finished. Wax is sometimes used to cover 
the cut surfaces of both cion and stock, but I have never been able 
to see that any advantage was obtained from its use that the earth 
did not grant equally well. Some have gone so far as to say that 
its use is positively injurious, so when the grafts are placed below 
the surface of the soil the use of wax is not recommended. 

The growth made the first season by such grafts is frequently 
very large, and enough wood is formed and a sufficiently strong 
union made to support nearly a full crop of grapes the next year. 
If the operation is well done, therefore, only one season is entirely 
lost and but a small part of the crop of the second. 

No. 2. Cleft graft ona partially severed vine.—This form of graft 
differs from the preceding by not having the vine completely cut 
off. A horizontal cut is made only about half way through the 
stock, and then another cut is made, beginning from one to three 
inches above the horizontal cut, and sawing inwards and down- 
wards so that a wedge-shaped piece is removed from one side of 
the stem. The length of the downward cut should be about one 
and a half times as long as the horizontal cut, in order to allow 
the cleft to be made more easily. The manner of inserting the 
cions is identical with that already described. 

The advantage of this form of graft is that if the cions die the 
original vine is not lost, but will continue to bear. The yield 
may be smaller, yet some crop is harvested whether the cions die 
or live. In the latter case the old vine is pinched backed so as to 
throw more sap into the grafts. The second year the old vine is 
reduced still more and at the end of the year may be cut away 
entirely, thus allowing the cions to take its place. In this man- 
net but a comparatively small loss in yield is sustained. 
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No. 3. Crown graft by inlaying.—Figure 5 represents the stock 
prepared for this form of graft. The stock is cut as for cleft graft- 
ing. Inplace of splitting the stub, two V-shaped grooves are made 
on opposite sides of it. These grooves are 
made by means of an instrument especial- 
ly designed for the purpose. It isshown 
in fig. 6. The tip cuts out the triangular 
part as shown in the illustration. In the 
blade itself is a part which is bent at the 
same angles as the parts forming the tip. 
This indented portion of the blade is used 
for cutting away the end of the cion, and 
with very little practice an almost perfect 
fit of the two parts can be made. The 
two cions are then placed upon the stock 
and are firmly tied there. The tying 
material should be of such a nature that it 
5: oo. by m- will decay before there is any danger of 

; strangling the cions. Raphia does very 
well, as does also bast. I have also used No. 18 knitting cotton, 
soaked in boiling grafting wax, with entire satisfaction. ‘The 
ligatures should be made as tight as possible. 

Although this method of grafting is not so commonly used as 
others, it still possesses some decided advantages. It is a much 
simpler and more satisfactory method than cleft grafting in very 
curly wood. The tying is a slow process, and for straight-grained 
wood the cleft 
graft is to be 
preferred.” It 
is also open 
to the object- 
ion of requir- 
ing the shoots to be staked or tied to some support, for the wind is 
apt to break the point of union more easily than with other 
methods. A good union admits of a very strong growth, and 
if the above precautions are kept in mind the vines will equal 
those produced by either of the preceding methods. 

No. 4. Cutting graft.—Figure 5 also shows a cion prepared 
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6. Grafting knife for inlaying. 
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for another graft. |The only difference between this and the pre- 
ceding is that the cion is made very long. One side near the top is 
cut in the form of a wedge which fits snugly into the V-shaped cut 
in the side of the stock. ‘The lower part of the cion projects down- 
ward and outward for ten or fifteen inches This lower portion also 
takes root and under favorable circumstances an enormous growth 
can be made the first year. One plant in the vineyard of J. W. 
Corbett, near Watkins, N.Y., upon whicha Niagara cion had been 
inserted in this manner, made a total growth the first season of 
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7. The first season's growth of a cutting graft. 


fully seventy-five feet (Fig, 7) and the next year it bore about fifty 
clusters of grapes. The stock was Red Wyoming, six years old. 
Figure 8 shows such a union one year from grafting. This isa 
more certain form of graft than No. 3, and although more tedious 
is still to be recommended as one of the safest methods. The 
cion is the portion running down the left side of the picture. 


470 BULLETIN: 77: 


The sprouts which have started from the stub should be kept 
down in this as well as in other forms of grafting, but they appear 
to be particularly abundant when this method is followed. 

No. 5. Modified tongue graft.—Figure 9 represents a form ot 
grafting which is quite common in Italy. The stock is cut off at 
an angle an inch or two below the sur- 
face of the soil and is then split down- 
ward, beginning a little above the cen- 
ter of the cut surface, Fig. 10. This 
downward cut is made ata slight angle 
to the grain in order to prevent 
splitting. In true tongue or whip 
grafting the cion is prepared in the 
the same manner as the stock ; but in 
the graft shown in the figure a portion 
of the bark is first removed, and from 
the lower end of this cut another is 
made inward and upward in order to 
form thetongue, Fig. 11. The cion is 
not cut in two when the tongue is 
made, as is the stock, but it ex- 
tends below and also takes root. 
Cion and stock are then 
united as shown 
in Fig. 9, care be- 
ing taken to have 
the cambium lay- 
ers in contact on 
one side. When 
cuttings or parts 
of equal diameters 
are grafted by the 
tongue graft, the 
layers on both 
sides may be 
placed together. The tying of grafts is advisable when small 
wood is used, but large stocks, when cut below the ground, scarce- 
ly require this precaution. When the operation is finished, the 
soil is heaped up as in cleft grafting. 


8. Cutling-graft one year old. 
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In California* the tongue graft has gained considerable favor 
for large as well as for small stocks. 
In case the stocks are large, they are 
pared down so that the part jupon 
which the cionisinserted isnot much 
wider than the cion itself. When 
the two parts are in position, the 
graft is firmly tied with strips of 
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common calico about an inch wide iw lj “a\\ 
and ten inches long. ‘The estimate \ MR agi f 
of the cost of the if ZN : | 
operation is giv- AY \\ 
en at three cents UL 
per vine, this in- G iN 
cluding the sec- We 
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ond grafting of fy IA 
those which WAG 
failed to grow aN 
the first time. 9. Modified tongue graft. 

No.:6. Side graft.—This 
method possesses an important ¢ 
advantage, already spoken of ' 
under No. 2. The stock does 
not need to be cut off in order 
10. Modified tongue to insert the cion. A cut is 

grap oh Pod Hai ed first made inward and down- 
ward in one side of the stock 
at the same distance under the surface of the 
soil as for the other methods named. For 
making this side cut, a tool shown in Fig. 13 
is very useful. The shaft is bent so that it can be 
easily held, and the lower end is made com- 
paratively thin so that the wood will not sliver 
much when the cutting edge is driven in. An 
ordinary chisel if well sharpened may answe! yz, ete ee 
the same purpose, but not so well. The tool graft, prepared 
should be driven in from one to oneanda half inches. ee 


* Leonard Coates, Report of the Sixth Annual State Viticultural Conven- 
tion, 1888, p. 50. 
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The cion for this graft is easily made. The lower end is cut in 
the form of a simple wedge, and it is then pushed into the cut in 
the side of the stock until all the cut surfaces of the cion are cov- 
ered by the lip of wood on the stock. Figure 12 
shows the manner of insertion; it represents the 
gm, upper end of the lip as being removed, but this 
f | 1 isnot necessary. After the cion is inserted, tak- 
Hh ing care to have the cambium layers as nearly in 
contact as possible, the stock is firmly bound. 
The cavity is then filled with earth and the opera- 

Mii| tion is finished. As the cion grows, the old vine 
u should be pinched back so that the nourishment 
Teme may go to the formation of the desired top. 


On Cuttings. 


No. 7.—Figure 14 shows a rooted cutting on 
which has been grafted 
Nuit a cion by means of the 

Ri cleft graft. It represents 
WAN a class of grafts which, 
though as yet of little 
practical importance in this coun- 
try, is in Kuropea very important branch of 
grape propagation. The stock commonly used 
there is the strong growing V7tzs riparia, and 
the operation is performed in order to grow the Euro- 
pean varieties upon roots which will resist the action 
of the root louse, or phylloxera. Rooted cuttings 
are perhaps not so commonly used for stocks as fresh- 
ly cut wood. The grafting is done in the winter, and 
the methods followed are very similar to those in com- 
mon use here for the root grafting of apples, etc. The 
splice graft is often used, as well as the whip or tongue 
graft. Machines have been made in France which 
sort the cions and the stocks so that only those having 13- Tool 


12. Side Graft. 


4 » nae be or mak- 
equal diameter are united. This increases the chances ee incis- 
for a successful union. ion for 

side graft. 


After the two parts are placed in position, they are 
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firmly tied with waxed twine and packed in damp material until 
spring. They are then set out in nursery rows and allowed to 
grow one season. ‘The following year they are set in vineyards, 
although in some cases this is done directly, instead of putting 
them first in the nursery. The grafts are planted so that the 
point of union between cion and stock shall be on a level with, 
or a trifle below the surface of the soil. The earth 
is then heaped around the cion leaving only the up- 
per bud exposed. 

This method of grafting may become of value in 
this country for the purpose of having weak grow- 
ing varieties upon vigorous roots. The field is so 
new that one can scarcely predict what will be the 
results which may follow from grafting one variety 
of grape upon another. 

Figure 15 represents a successful graft seven 
years old when photographed. ‘The operation was 
performed by B. P. Olin, North Hector,N. Y. He 
inserted a cion of Brighton upon a four-year-old 
Agawam stock, and so perfect was the union that 
not an external trace remains to show where the J, 
two parts are joined. The point of union is on a 
line directly between (a) and (4), as.could be seen 
when the stock was cut. Under such favorable 
circumstances there is no reason to suppose that |, Pod cat: 
grafted vines are not as long lived as those upon ¢ing cleft 
theirown roots, provided suitable varieties are selected, BIE 

No. 8. A peculiar method which has been employed in graft- 
ing cuttings is shown in fig. 16.* The description is here given 
in full: 

‘The following method of propagation has done well where I 
had a new variety that I wished to multiply rapidly. In taking 
up vines in the fall, when clipping back the roots, I save bits of 
them about a quarter of an inch in diameter, and keep them in 
damp sand until needed. In February or March I cut these roots 
in pieces two inches long, using a piece to each graft, as in apple 


Y 


*Samuel Miller, American Gardening, September, 1892, p. 535. 


474 


BULLETIN 77. 


root grafting, but instead of that method cut the upper end of the 


C5: 


A successful graft seven years old. 


piece. of jrogt 
wedge-shaped 
and inserted it 
in the lower part 
of the graft as 
shown in the il- 
lustration (Fig. 
16). If thewood 
is long jointed I 
use one eye ito 


, the grafts saan 


short, two eyes. 
Tie the grafts 
firmly with wax- 
ed thread. The 
root gives the 
graft-eye a start, 
and by fall Ihave 
a row of them 
average three 
feet in growth. 

‘These grafts 
can be placed up- 
right in boxes of 
sandy soil and 
left there until 
they have start- 
ed to grow. If 
you can give 
them a little bot- 
tom heat it will 
be a great help. 
Accustom them 
to plenty of air 
and sunshine be- 
fore setting them 


out in the open ground, plant them late in the ‘afternoon, and 
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shade them for a few days. The grafts soon callus at the lower 
ends and emit roots of their own.’’ 

Although the above graft appears to be very successful, the work 
and care required for its execution will probably prevent its gen- 
real use. It might properly be 
called an inserted side graft, and 
it is probable that if the grafts are 
made early enough in the winter, 
union would take place before active 
growth begins, and less care be nec- 
essary to insure success. 


SUMMARY. 


1. The living or growing cells 
in the stem of the grape are largely 
in the cambium layer. Page 460. 

2. A union between cion and 
stock will not take place unless the 
cambium layers are in close contact. 
Page 461. 

3. The grape is not difficult to 
graft, but the operations must be 
carefully performed. Page 461. 

4. The cion should be dormant 


Be 
of Sif 
24 
i 
oe 


or practically so at the time of in- 3 
settion. Page 462. 16. Inverted side graft for cut- 
5. The stock may be dormant, lings. 


or the sap may be active, but the heavy flow of sap which occurs 
in spring should be avoided. Page 462. 

6. Grapes may be grafted in the fall, early spring, or late 
spring. Page 462. 

7. When the work is done in the fall or winter, protection 
must be given in this latitude. Page 463. 

8. Early spring is on the whole the best time for grafting 
grapes, and the earlier it is done the better. Page 463. 

g. Cions inserted late in the spring will unite with the stock 
provided they have been kept dormant. Page 464. 
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10. Grape grafting will be followed by better results if the 
cions are inserted below the surface of the ground. Page 465. 

11: Cleft grafting is the most common and perhaps the most 
successful form of graft to use, but it necessitates the entire removal 
of the top. Page 464. 

12. Cleft grafting on a partially severed vine does not require 
the complete removal of the top, and under similar conditions 
offers nearly as good chances of success as when the ordinary 
cleft graft is used. Page 467. 

13. Crown grafting by inlaying is a more difficult operation than 
cleft grafting, but it offers the advantage of being preferable when 
the wood of the stock is curly, and does not split readily. Page 468. 

14. Cutting grafting isa more difficult and tedious method, but 
is followed, when well performed, by exceptionally vigorous 
growth. Page 468. 

15. Tongue grafting, as practiced by the Italians or by the 
vineyardists of California, gives excellent results both upon large 
and small stocks. Page 470. 

16. Tongue grafting is one of the safest methods to use, but it 
is not always the easiest to perform. Page 470. 

17- Side grafting is one of the best forms of inserting cions: 
It is easily performed and gives satisfactory results. The vine 
does not need to be severed, and the same stock can be repeatedly 
used. Page 471. 

18. The grafting of grape cuttings, whether rooted or not, is 
carried on in this country to a very limitedextent, but it may become 
an important operation in the future. Page 472. 

19. The tongue graft is probably the best form to use for graft- 
ing cuttings, but other methods may be employed with success. 
Page 472. 

20. A vine properly grafted is probably as long lived as one 
upon its own roots, if suitable stocks are selected. Page 473. 
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THE CABBAGE ROOT MAGGOT. 


Phorbia brassicae Bouché. 


Order DipTERA ; family ANTHOMYIIDAE. 


For many years, growers of cabbages and cauliflowers have 
recognized in this pest a most formidable enemy of these desirable 
vegetables. Peter Henderson has said that ‘‘ tens of thousands of 
acres of cabbages and cauliflowers have been utterly ruined in a 
single season by this insect.’’ And the destruction still con- 
tinues, seemingly unabated. 

Every year reports of the ravages of this pest have reached 
us from different parts of the State. But it was not until the 
spring of the present year thata favorable opportunity occurred to 
study the insect, especially with a view to finding some effective 
preventive or destructive method of combating it. Then, at the 
urgent request of several cabbage growers on Long Island, the 
writer began work on the pest. In March, several of the leading 
gardeners on the Island were visited, and all willingly offered their 
services, their cabbage fields, and a sure crop of ‘‘ maggots’’ for 
experimentation.* Many gardeners had given up trying to grow 
early cabbages and cauliflowers solely on account of this pest. A 
very favorable field for operations was found at Mattituck, near 
the eastern end of the Island and in the center of one of the greatest 
cabbage seed growing regions in the world. In April and May, 
two subsequent trips were made to Mattituck for the purpose of 
applying preventive and destructive substances and to note their 
effects. On the last trip, thousands of the ‘‘ maggots’’ were se- 
cured and brought to the insectary for further experimentation 
with destructive substances, and for the study of their life-history. 


*The writer is indebted to Messrs. Henry Hicks, C. IL. Allen, P. H. 
Scudder, and J. M. Lupton for much information and many kindnesses. To 
Messrs. T. E. Reeve and Son, are we especially indebted for the use of their 
cabbage field for experiments, and for their careful services and important 
nformation while the experiments were in progress. 
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This six months’ study of the insect has revealed many new 
facts regarding its habits, life-history, etc., and yet there are many 
questions of considerable importance still unsolved; and espe- 
cially is there need of more careful experiments in combating it. 
However, we feel that enough has been accomplished to warrant 
the preparation of this bulletin. It has been made as complete as 
possible ; all accessible records have been searched in order that 
this record may include what has heretofore been known of the 
pest and the methods recommended tocombat it. In other words, 
the aim has been to bring together the multitudinous scattered 
facts recorded about this pest and combine them with the new 
facts revealed by our observations, thus making them all readily 
accessible to gardeners and others in a single publication 


THE DISTRIBUTION AND. PAST HISTORY (ORM 
PEST. 


Like its food-plants, this insect is doubtless of European origin ; 
although it was seen and named in this country only a few years 
after its first description appeared in Germany, over 60 Years ago. 


It was considered a serious pest as early as 1833; Bouché then wrote: ‘‘It 
often destroys whole cabbage fields.’’ That it has continued to be a pest in 
Germany is shown by the fact that it is discussed by all later German writers 
on garden insects; and collectors have recently reported it common in that 
country. In 1835, it was found in France, but seems never to have attracted 
much attention as a pest there. It has been recognized as a pest in England 
since 1840; possibly it was known there by Major (Treatise on Insects) in 
1829 as the cauliflower fly. There are many discussions of the pest in later 
English publications. Nearly every year during the past decade the pest 
has been reported by Miss Ormerod as doing much injury in various parts of 
England. In 1872, it is recorded as doing considerable damage to radishes in 
the Netherlands. Thus it seems to have been recognized as a serious pest 
since the early part of the present century in various parts of Huron espe- 
cially in Germany and in England. 

It was first recorded in the United States by Dr. Harris who gave it a name 
in 1835, and described it in 1841 from Massachusetts. Dr. Fitch, in 1867, 
said it was so destructive in our State in 1856 and 1857 that in many 
neighborhoods it was impossible to obtain plants for setting out. In 1857, 
the pest wasbeing fought in Maryland. Prof. Prentiss found the “‘ maggots’’ 
doing much damage in Michigan in 1867. Trimble records it destructive to 
his radishes in New Jersey in 1870. In 1875, Dr. Packard said he had known 
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the pest in Maine for over twenty years. A gentleman in Pennsylvania had 
nearly four acres of cabbages destroyed in 1877; and the next year the pest 
was very destructive in Luzerne County, in the same State. In 1885, Fletcher 
reported that the pest had that year destroyed from 25 to 75 per cent. of the 
cauliflowers in Canada; it occurred in all of the Provinces from Nova Scotia 
to Vancouver’s Island (it must have been present in Canada for many years 
previous to have attained this wide range). A radish grower reported the 
pest from Colorado in 1886; Cockerell recorded it from the same State in 
1889. In 1887, turnips suffered from the ‘‘maggots’’ in Vermont; in the 
same year the insect was also reported from South Carolina and Georgia. 
In 1889,experiments were tried against the pest in Alabama andin the State of 
Washington. It was injurious in Mississippi and Wisconsin in 1892. The 
following year, 1893, Alwood reported it very destructive in Virginia. This 
year it has been recorded as injurious in Oregon. 


Thus the pest was introduced into this country from Europe 
early in the present century, perhaps first appearing in Massa- 
chusetts, from whence it gradually spread north, west, and south 
into the neighboring States. In about 25 years it had reached 
Maine on the north, Maryland on the south, and Michigan on the 
west. In 20 years more it had reached the Pacific Ocean, entered 
Colorado, and passed through South Carolina into Alabama. In 
a little more than half a century it had thus spread over the 
greater portion of the United States and Canada. Doubtless it is 
now present in injurious numbers in every State where its food- 
plants are grown to any extent. 

Whenever the pest obtains a foot-hold, it usually appears in alarming 
numbers year after year if its food-plants continue to be grown in the neigh- 
borhood. In England it has been very destructive almost every year since 
1880. In the United States, the gardeners in this State (especially in the 
neighborhood of New York City, over the line in New Jersey and throughout 
Long Island) and in Michigan have suffered severely from the pest almost 
every year, as the records show, for the past 25 years. Many market garden- 
ers on Long Island have abandoned the growing of early cabbages, cauli- 
flowers, and radishes on account of this formidable pest. In 1887, Peter 
Henderson said : ‘‘ tens of thousands of acres the past season have been, of 
both cauliflower and cabbage, utterly ruined by maggots.’’ In Canada the 
pest has been especially injurious in 1885, 1887, 1890, 1892, and 1893; in 1892 
it was considered the most destructive insect of the year. 

From this somewhat detailed account of the past history and 
distribution of the Cabbage Root Maggot, we may draw this gen- 
eral conclusion: that it is common and often does much damage 
throughout Europe, from whence it was introduced early in the 
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present century into the United States and Canada where it now 
occurs in nearly every State and Province in sufficient numbers 
to annually destroy thousands of acres of Cabbages, Cauliflowers, 
Radishes, and Turnips, thus causing a loss of thousands of dol- 
lars every year to the gardeners of America. 


ITS FOOD-PLANTS. 


The name Cabbage Root Maggot, by which this pest is most 
commonly known, would indicate that its food-plant was the 
cabbage, Brassica oleracea; this species now embraces the kales 
or borecoles, collards, brussel’s sprouts, cauliflower, and broccoli. 
However, we find that the insect has quite a range of food-plants, 
but apparently confines itself chiefly to the Cvuciferae or Mustard 
Family. 

When it was described in 1833, it was said to live in the roots and stems of 
the different kinds of cabbages ; the next year the same author described it, 
under another name, as living in radishes, Raphanus sativus. More recently 
Taschenberg and Schmidt-Gobel have added the following food-plants of the 
insect in Germany : Raphanus radiola, turnips, and stocks (J/atthiola). In 
England, the pest has been recorded, not always under the same name, how- 
ever, on cabbage, including the other forms of this species, on turnips (2B. 
rapa), and on swede turnips (B. campestris). Miss Ormerod says that Mr. 
Meade reared the insect in 1882 ‘‘ from maggots found in earth round partly- 
decayed Clover roots.’’* The same author believes that the maggots feed on 
the stable manure used on cabbage fields. However, no definite observations 
are given in support of thisopinion. In 1833, Bouché said: ‘‘ Avoiding the 
use of new dung is likewise of no avail as these root-devouring larvae are not 
annoyed by the want of it; nor are they conveyed in it into the field, as 
some believe.’’ There is but little doubt that where large quantities of stable 
manure are used the pest sometimes appears in the greatest nuinbers. 
Possibly the smell of the manure may attract the insect, and certainly the 
stable manure would lighten up heavy soils, thus enabling the maggots to 
work to a better advantage and do more damage ; these seem the more prob- 
able explanations of the presence of the pest in increased numbers where 
stable manure is used, and not because the manure furnishes a further supply 
of food for the maggots. 


*] find no reference to thisin Mr. Meade’s writings. Perhaps someroots ofa Cruciferous 
weed were overlooked among the Clover roots; these, as will be shown later, would 
account for the presence of the insect, This is an important point in the habits of this 
pest and should be further investigated. 
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In this country the insect first attracted attention as a radish pest nearly 
60 years ago; Dr. Harris then thought it different from its European con- 
geners and named it as a new species*. In 1867, Dr. Fitch recorded the 
insect as infecting cabbages, cauliflowers, turnips, rutabagas, and radishes. 
Although he discussed the Cabbage-fly and the Radish-fly under different 
names, yet he was unable to discover any differences between them. 

In 1872, Mr. Brill, a market gardener, recorded that he ‘‘ believed the 
Cabbage Maggot and Radish Maggot to be one and the same.’’ Five years 
later, Dr. Riley said: ‘“‘ The species affecting the Cabbage, the Onion, the 
Radish, etc., have received different names but several of them doubtless 
constitute but one species.” 

During the next decade, all writers seem to have considered the Cabbage-mag- 
gotand Radish-maggotsas separate insects. In 1887, however, Prof. Cook gave 
a detailed account of some very important experiments to prove his belief 
that the insects which attack the onion, the cabbage, and the radish are but 
trimorphic forms of one species. His experiments quite conclusively show 
the identity of the cabbage and radish maggots; but the evidence is not 
sufficient to support the conclusion that the Onion and Cabbage-maggots 
are the same.t 

The next year Prof. Cook said: ‘‘Iam more and more convinced that 
the insects of the genus Anthomyia, working on onions, cabbages, and 
radishes are one and the same species. This year beans have been seriously 
injured again by a similar, I believe the same species.’’ However, this Bean 
Root Maggot appeared in Canada in 1885, and Mr. Jack (17th Rept. Ont. 
Ent. Soc., p. 17) shows that it is the Fringed Anthomyiian (Phorbia fusciceps 
Zett.), and not the Cabbage Root Maggot. 

Recently, Mr. Fletcher sent me considerable material reared in Canada 
from Cabbages and Turnips (British Columbia). Only one species, the Cab- 
bage Root Maggot, was represented. 

In 1882, Dr. Lintner recorded this pest in a new role, not suspecting, how- 
ever, that it was the common Cabbage Root Maggot. He bred the insect 


*In the notes on the bibliography in the latter part of this bulletin, I have given my 
reasons, from the systematist’s standpoint, for considering Dr. Harris’ Radish-maggot the 
same as the Cabbage Root Maggot. 

+ Through the kindness of Prof. Davis, I have been able to examine some of the material 
bred by Prof. Cook in 1887. I saw specimens of flies bred from radishes, and flies and 
maggots reared on cabbages ; all were typical Phoréiza brassic@, Bouché, the Cabbage Root 
Maggot, while the flies and maggots bred from onions were all typical Phorbia ceparum, 
the Onion Maggot. There is another Anthomyiian which has been bred from onions, 
namely, the Fringed Anthomyiian, Phorbia fusciceps Zett., that quite possibly may have 
been present with the Onion and the Cabbage Root Maggots in Prof. Cook's experiment. 
Dr. Riley has bred this species from cabbages and radishes, and to a casual observer it 
would form a good connecting link between the large indistinctly marked Onion Fly and 
the Cabbage Fly. I have not seen specimens of Prof. Cook’s Raspberry Maggot, but Mr. 
Fletcher sent me one wing anda puparium of an Anthomyiian which he bred from rasp- 
berry canes ; the wing was similar to that of the Cabbage Fly, but the puparium was dis- 
tinctly different from that of any Anthomyiian with which Iam acquainted. Thusit is 
very doubtful if the raspberry should be recorded among the food-plants of the Cabbage 
Root Maggot. ; ’ 


486 BULLETIN 78. 


from maggots which were mining in the leaves of beets, This is the only 
well-authenticated instance of the pest attacking other than Cruciferous 
plants. This leaf-mining habit of the insect seems not so improbable, how- 
ever, when it is known that in 1878, Dr. Riley found the maggots burrowing 
in the stout mid-ribs of cabbage leaves in the summer; and Mr. Fletcher has 
recorded, in 1891, the pest as mining in the mid-ribs and boring through the 
heads of winter cabbages in storehouses. 

Breeding experiments here at the insectary have developed further con- 
firmatory evidence in support of some of the conclusions to be drawn from 
the above account of the recorded food-plants of this pest. And these exper- 
iments have also revealed several new food-plants of the insect, which will 
throw new light on its habits and life-history ; and which are of considerable 
importance in connection with the methods to be used in combating the 
pest. 

In 1891, maggots ruined a field of turnips at Ithaca ; the insect was bred at 
the time, and it proves to be the Cabbage Root Maggot. -This year several 
turnips and radishes were growing in an exposed bed in the insectary ; and 
some of them were found to be attacked by maggots which produced the 
Cabbage-fly. The pest has also been bred, in the insectary, from the buried 
stems of seed cabbage. 


Thus these breeding experiments, the evidence of other observ- 
ers, especially of Dr. Fitch and Prof. Cook recorded above, and 
the identity of all the Cabbage and the Radish-niaggots examined 
from various parts of the country seem, to the writer, sufficient 
proof that ‘re Cabbage and ¢he Radish Maggot are the same 


insect.* 


After learning that it is the universal testimony of cabbage and radish 
growers that the maggots do but little damage to late crops of these vegeta- 
bles, the question at once occurred to us, has the pest other, as yet unsus- 
pected, wild food-plants? Naturally our attention was turned to the 
Mustard-like weeds which are usually to be found in abundance in every 
garden or cultivated field and along the road-sides. Therefore, in the latter 
part of May. plants of the well-known Shepherd’s Purse (Capsella bursa- 
pastoris), and of the Common Winter Cress or Yellow Rocket (arbarea 
vulgaris) were transplanted from the field to cages in the insectary ; and 100 
maggots, brought from Long Island, were put about the base of each plant. 
Three weeks later the cages were examined. The maggots had eaten freely 
of the roots of the Barbazea ; but the roots of the Shepherd’s Purse showed 
only slight indications of having been eaten, and many of the maggots had 
failed to develop. 


*I say ‘‘¢he Cabbage and ¢he Radish Maggot’’ because two other Antho- 
myiians, 4. radicum the Root Maggot, and P. /usciceps, the Fringed 
Anthomyiian, are recorded as feeding on these vegetables ; but I believe the 
latter rarely does, and the former not nearly so commonly as does P. drassice. 
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This experiment suggested an examination of plants in the field. About 
June 15, many plants of the Shepherd’s Purse, the Common Winter Cress, 
and Hedge Mustard (Sisymbrium officinale) were examined in various 
localities near the insectary. The result was surprising. Scarcely a plant 
of the last two weeds had not had their roots considerably damaged by 
maggots; but not a plant of the Shepherd’s Purse.seemed to have been 
attacked by them. That these maggots found at the roots of these weeds 
were the Cabbage Root Maggot was shown by breeding the insect in cages 
on the weeds, and also by transferring maggots from the weeds to cabbage 
plants and producing the typical Cabbage-fly in both cases.* 

These experiments thus show that the Cabbage Root Maggot 
has several wild food-plants to which it can and probably does 
resort in case none of its, perhaps preferable, cultivated food- 
plants are grown in the locality. Doubtless the pest also breeds 
upon the roots of several other common species of the Mustard- 
like weeds, some of which may be more common in certain local- 
ities than either of the two upon which we have found the mag- 
gots common about Ithaca. Probably the natural food-plants of 
this pest are some of the Mustard-like weeds, many of which have 
been introduced here from Europe; and one may thus expect to 
find the Cabbage Root Maggot wherever these weeds occur. 

It is remarkable that no one seems to have discovered these 
maggots on these weeds, nor have suspected that the Cabbage 
Root Maggot might breed upon such plants. That they do thus 
feed upon weeds is in itself an important fact, but we believe it 
will serve to explain other more important points in the life his- 
tory of the pest which have heretofore puzzled observers. 

To briefly summarize this detailed account of the food-plants of 
this pest, we may say that it has been recorded in Kurope on the 
cabbage (including the cauliflower, borecoles, etc.), the radish 
(Raphanus sativus and radiola), the turnip (Brassica rapa), the 
ruta baga and swedes (vassica campestris), and on stocks (JZat- 
thiola) , the reported feeding on clover roots and manure needs 
further confirmation. In this country the Cabbage Root Maggot 
feeds upon most of the above plants and on at least two common 
Mustard-like weeds, the Common Winter Cress (Barbarea vul- 
garis), and the Hedge Mustard (Szsymbrium officinale); the 


* One of the Fringed Anthomyiians (Phorbia fusciceps) was bred from a maggot found 
on the roots of the Hedge Mustard (5S. officinale). 
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maggots infesting onions, beans, and raspberry canes are different 
insects, distinct from each other and from the Cabbage Root 
Maggot. 

INDICATIONS OF THE PRESENCE OF THE PEST. 


Some gardeners who are familiar with the different stages of the insect, 
can often tell, by watching their plants closely about May 1, whether the 
pest is laying eggs or not, and thus do not have to wait until its presence is 
indicated through its effect on the plant. It is one of the chief aims of this 
bulletin to thus render the different stages of this insect familiar, by means 
of descriptions and illustrations, so that all observing gardeners can recog- 
nize its presence in their cabbage fields and radish beds, before the maggots 
fairly begin their ruinous work. Unfortunately, however, many gardeners rec- 
ognize the insect only in its maggotstage. But asthe pest isthen out of sight 
in the soil, its presence is often not suspected until much damage has been 
done. Sometimes the pest gets at work early enough in the spring to catch 
the tender plants in exposed seed beds. Here the small plants quickly suc- 
cumb to the attacks of the maggots; for a few days the infested plants may 
have a weak, sickly appearance, when suddenly, in a day’s time, they will 
wilt down and die. Sometimes the seed beds of late varieties suffer in the 
same way in June or July. Young radish or turnip plants succumb in a sim- 
ilar manner. 


Usually, however, the maggots first make their presence felt on 
the plants after they have been set in the field about two or three 
weeks. This year, on Long Island, the plants began to show the 
effects of the maggot about May 15; the time will vary with the 
season, locality, and latitude. 


If cabbage plants once get thoroughly established before the maggots 
attack them, unless the maggots occur in considerable numbers, the plant 
may show scarcely any indications of the presence of the pest. This is due 
to the fact that the plants of the cabbage tribe are all gross feeders; and 
thus always require a very rich soil from which they quickly repair injuries 
to their root-system, especially if the soil is kept moist by rains or otherwise. 
Gardeners understand this and often hill up their plants, which then soon 
send out new roots farther up on the buried stem.* This power of the plant 
to overcome the ravages of a few maggots is an important point, especially 
in connection with some of the remedies recommended for the pest. In rad- 
ishes and turnips, however, a single maggot may render the root unfit for 
food without otherwise materially injuring the plant; quite a number of 
maggots might attain their growth in the large fleshy root of these plants 
without indicating their presence by any very noticeable change in the vis- 


* Mr. Reeve of Mattituck said he had often saved many of his cabbage plants, after they 
had been nearly ruined by the maggots, by carefully hilling up around the stems and 
watering them well. New roots would soon be put out, and he had produced many good, 
b ut later, heads of cabbage in this way. 
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ible portion of the plant. Thus in the case of these crops, unless the maggots 
occur in large numbers, the presence of the pest may not be discovered in a 
well-established root until it is pulled up. 


Therefore, how séon the plant will soon show the presence of 
the pest will depend upon its size, the number of maggots at 
work, the amount of quickly available fertility in the soil with 
which to repair damages, and the conditions of the weather, as 
amount of rainfall, etc. 


Usually the first indications of the presence of the pest on plants of the 
cabbage tribe is a noticeable checking of their growth, and a tendency of the 
leaves to wilt badly under a hot 
sun. The leaves soon take on 
a sickly bluish color, a few days 
later the whole plant wilts, often 
topples over, andsoon dies. If 
one of these plants be pulled 
up, the stem and roots often 
present the appearance shown 
in the illustration on the front 
of this bulletin and in figure 1, 
both of which are frem photo- 
graphs of specimens pulled up 
in a Long Island garden. It is 
not an unusual thing for a gar- 
dener to suddenly find on some 
hot day a majority of his plants 
of cabbages or cauliflowers thus 
wilted and toppled over where 
the maggots have been very 
numerous. It is a sad plight 


when one realizes how much _ FIG. 1.—S'emsand roots of cabbage plants 
money and labor has been spent that had succumbed to the attacks of 
the maggot, one-half natural size. 


to bring the plants to that 
stage; and what is still worse, 
they are then often beyond help even if the maggots were killed at once. So 
that gardeners should familiarize themselves with the other stages of the insect 
and when to look for it, thus making it unnecessary to wait until the de- 
structive period is reached before being able to tell whether the pest is pres- 
ent or not, so as to check it if necessary before the crop is ruined. 


In brief, the presence of the pest, where it occurs in consider- 
able numbers, is indicated by a checking of the growth of the 
plant, a tendency to wilt badly under a hot sun, and a sickly 
bluish cast to the foliage. 
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The larva or maggot.—Everyone who has had any experience 
with this pest is familiar with it in this—the maggot or larval 
stage. And yet, we have not been able to find an illustration by 
which the maggot could be definitely recognized. The only ob- 
servers who have given us definite descriptions of this form of the 
pest are Bouché (who gave the insect its name in 1833), and Dr. 
Fitch (in 1867); all other descriptions are either inadequate or 
evidently compiled from these authors. 

The maggots, from their birth, are similar in form to the full 
grown one represented in figure 2, and are always footless and of 
a shining white color, sometimes tinged with yellowish. The 
body is cylindrical, tapering to the cephalic end where the two 
strong, black, parallel, curved, rasping jaws project downward ; 
these hooks are connected witb an internal blackish framework 
which is indistinctly visible through the skin of the maggot (Fig. 
g). The caudal end of the body ends bluntly, appearing as 
though cut off obliquely downward and backward. 


A full grown maggot measures .32 of 
an inch (8 mm.) in length. On each 
side of the body just back of the head 
is a minute, light brown, fan-like pro- 
jection, or spiracle (shown greatly en- 
larged at 4 in figure 2) which leads into 
the trachea or breathing organs of the 
maggot.* These trachea extend the 
Fic. 1.—Z7heCabbage Root Maggot, length of the body in two main trunks _ 

side view, enlarged ; the hairline which throw out many ramifying 

ee aes, AP eaheaat branches, and again open to the sur- 
segment, showing size, number face near the center of the flat oblique 
and arrangement of fleshy tuber- caudal end of the maggot in two raised, 
cles, much enlarged ; b, outline of roughened, darker brown or blackish 
ee spiracle, greatly en- spiracles shown near the center of 
figure 2,a@. Around the margin of this 

flattened caudal end of the maggot there are 12 fleshy pointed tubercles; the 
two lower ones are larger, of a brownish color, and always bifid or two- 


* Bouché describes these cephalic spiracles as having 7 tog divisions. This seems to be 
true of the young larvee (those about one-half grown), but in full grown specimens we find 
the number to be usually 12. The number varies slightly and thus may not prove of much 
specific value. 
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toothed,* thus making 14 fleshy points in all (Fig. 2, a). The tubercle on 
the margin just above these bifid ones is equally as long but narrower. the 
other tubercles are comparatively small, and the four lateral ones, two on each 
side, are a little below the margin. On the venter, a little cephalad of the 
bifid tubercles and just caudad of the vent, are two more fleshy pointed 
tubercles projecting caudo-ventrad. The number, size, and arrangement of 
these tubercles about the caudal end of the maggot (Fig. 2, a) have been 
given in detail, for our observations lead us to believe that they, especially 
the four larger more ventral ones, offer specific characters by which the Cab- 
bage Maggot may be easily recognized and separated from the other common 
Anthomyiian maggots. 

In short, the full grown cabbage maggotis about .32 of an inch 
(8 mm.) in length, white, cylindrical, tapering cephalad and ob- 
liquely truncate caudad with 12 fleshy tubercles around the cau- 
dal margin, the lower two of which are two-toothed ; and the 
cephalic spiracles have 12 divisions. 

The puparium.—This is the name applied to the case within 
which the maggot passes through a wonderful transformation 
which results in the perfect insect. This puparium is really the 
skin of the maggot which has hardened and separated from the 
creature within, which is then called the pupa; thus the maggot 
uses its own skin asa home to protect it while it changes toa 
tender pupa and thence to the perfect insect. 

Many gardeners have doubtless seen these puparia, but did not 
realize that they were an important stage in the life of this pest. 
They can easily be found in the soil about badly infested plants in 
June. As shown in figure 3, the puparium 
is elliptical ovate in form, and being simply 
the dried skin of the maggot, it naturally 
shows the same fleshy tubercles at the cau- 


———— 


dal end, usuallyless distinctly but sufficient- fre. 3.7% puparium, dor- 


ifs 3 BAScte i } d. 
ly distinct for the specific determination of ° %°%» ”"™" e"large 


the insect. It varies froma light toa dark brown in color, de- 
pending on its age, whether a few hours or several days old. It 
is shorter than the maggot, measuring only about .2 of an inch 
(5 mm.) in length; there is considerable variation in size, some 
being fully one-third smaller than others. 


* Dr. Fitch says this is not true of the smaller young larve. I have not examined speci- 
mens less than one-half grown, but it holds true for all I have seen. 
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As the whole future destiny of the insect is enclosed in these 
puparia, gardeners should be able to recognize the pest in this 
stage so that they may destroy them at every opportunity, thus 
‘‘nipping in the bud’’ a future destructive crop of maggots. 

The adult tnsect—After a certain period of incubation in the 
puparia just described, this pest appears as a creature totally dif- 
ferent from the familiar maggot. It is the adult insect, which is 
known as the fly of the Cabbage Root Maggot by the few garden- 
ers who are familiar with the pest in this stage. Both sexes of 
the fly are shown greatly enlarged (the hair line beneath each in- 
dicates their natural length) on plate I; the right legs and wing 
were removed before photographing so that the details on the 
other legs and wing might not be obscured. By the casual 
observer the adult insect might easily be mistaken for the common 
house fly. It resembles the house fly in general appearance, but, 
although it varies somewhat in size, it is considerably smaller. 
Like the house fly, it has only two wings, but in the cabbage fly 
these extend farther back beyond theend of the body and are shut 
farther over each other on the back of the fly. The body of the 
fly is about .2 of an inch (5 mm.) in length, and the sexes differ 
considerably; some of these differences are well shown in the 
figures on plate I, as will appear from the descriptions of each sex 
which follow. 


The male fly is of a general dark ash-grey color with three rather broad 
blackish dorsal stripes on the thorax, and a wide, black, dorsal stripe extend- 
ing along the abdomen becoming narrower toward its extremity and more 
or less dilated opposite the upper margin of each segment which is marked 
with a narrower transverse black stripe. Many bristly hairs project from 
different parts of the body, and the abdomen is sub-cylindrical, narrow, and 
but slightly tapering. The eyes, occupying a greater portion of the head, 
nearly touch each other above. The legs are black and strongly bristled ; 
on the under side of each hind femur near its base is a tuft of these bristles 
which are characteristic of this Cabbage-fly. This tuft is quite noticeable on 
the femur of the male fly in figure 4, especially when comparison is made 
with the corresponding femur of the female shown in figure 5; by this 
character alone, the male insect can be recognized and separated from the 
other common Anthomyiian pests. There is also a characteristic row of 
short bristles, unequal in size, on the inuer side of the hind tibia of the male 
insect that will help to distinguish the species. 

The female fly, figure 5, plate I, is of a lighter ash-grey color, quite indis 
tinctly striped on the thorax and abdomen, and not so strongly bristled a 
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Fic. 4.—The male fly, side view with right legs and wing removed, greatly enlarged ; 
natural length of the body represented by the white hatr line below. 


FiG. 5.—Female fiv ; similar view and magnification as the male fly in figure 4 above. 
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the male. Her eyes are also quite widely separated above. The abdomen 
is of a more elongate ovate shape with a pointed apex. There seems to be 
no special characteristic by which the female fly can be recognized and 
separated from some of the other common Anthomyiians; it is necessary 
that it be found associated with its male to determine it with certainty. 

Gardeners who are not now familiar with these flies can soon 
become so with the aid of the above descriptions and illustrations, 
supplemented with a knowledge of their habits and times of 
appearance which are discussed farther on under the life history 
of the pest. 


[TS CLASSIBICA TION. 


This cabbage pest is a member of that peculiar order of insects 
—the true flies—known as the Diptera, none. of whose members 
have more than two wings. The well-known House Fly, 
the Mosquitoes, the Hessian Fly, the Crane-flies, the Bot Flies, 
and many other familiar insects are typical members of this 
order. The pest under discussion belongs to the family Avn- 
thomytidae whose members are commonly known as the An- 
thomyiians, which in the original Greek means ‘‘ flower flies,’’ 
from their habit of frequenting various flowers. There are more 
than a hundred other members of this family in this country, and 
among them some well known pests like the Onion Maggot, and 
others. ‘The Cabbage Root Maggot is probably the most common 
and best known member of the family. 

Its scientific name.—Naturalists are not agreed as to the name 
by which this insect should be known. After a critical survey of 
all the evidence known to us, we are convinced that the pest 
should be called Phorbia brassicae.* 

Other names have been applied to the insect as is shown in the synonomy 
of the pest on another page, but we believe the weight of evidence at present 
is decidedly in favor of brassicae, the name given by Bouché in 1833. This 
specific name of the pest comes from the generic name Brassica, of the plants 
on which the insect usually feeds. Until within a few years, the insect has 
usually been referred to the genus Anthomyia, sometimes to Chortophila ; 


but the latest authority places it in the genus Phorbia, hence its complete 
name is Phorbia brassicae. 


*For a detailed account of our reasons for adopting this name, see the dis- 
cussion which follows the bibliography of this insect on the last pages of this 
bulletin. 
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[ts popular name.—From the time the insect first became known 
by a scientific name,it has been popularly known as the Cabbage- 
fly or maggot, and equally as commonly known as the Radish-fly 
or maggot ; some have more correctly called them Cabbage or 
Radish Root Maggots. It has also been called the Cauliflower 
and the Turnip-maggot when these were the crops under discus- 
sion. No one has doubted that the common Cabbage, Cauli- 
flower, and Turnip-maggot were the same insect, and we now 
believe the Radish-maggot is also the same.* 

Therefore, its scientific name, dvassicae, at once suggests the 
cabbage, and the insect is more familiar to gardeners as the 
maggot infesting the several varieties of cabbage than as the 
radish-maggot ; for these reasons we use the popular name of 
Cabbage-fly, or better and more familiar to gardeners, the Cab- 
bage Root Maggot. 


COMPARISON OF THE PEST WITH OTHER COMMON 
* ROOT MAGGOTS OR ANTHOMYIIANS. 


Our study of this pest has been greatly complicated by the 
lack of definite comparative knowledge of it and some other com- 
mon Anthomyiians which have been confounded with it. This 
lack of comparative knowledge has given us a somewhat compli- 
cated synonomy for the insect, and has led some observers to 
confound two or three different insects. 

We have found that there are three common Anthomyiians 
more or less intimately associated with the Cabbage Root Maggot, 
two of which doubtless attack the same plants. To save future 
observers the labor it has cost us to understand these closely allied 
and easily confused root maggots, it seems advisable to include 
in this bulletin the following brief discussion of each of these 
allied forms. 


*A detailed discussion of our reasons for believing the common Cabbage 
and Radish-maggots to be identical is given on a previous page under the 
food-plants of the pest, and also from the systematist’s standpoint in the 
discussion of the synonomy near the end of the bulletin. 
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THE ONION MAGGOT. 
Phorbia ceparum, Meigen. 


This Anthomyiian has been recognized as a formidable pest by 
onion growers, both in Europe and America, since the beginning 
of the present century. It is probably as widely distributed, and 
as destructive wherever it occurs, as is the Cabbage Root Maggot. 

The insect is par excellence the Onion Maggot, for it seems 
never to have been recorded on any other food-plant. Its pres- 
ence in an onion bed is indicated by the leaves becoming soft and 
flaccid to the touch, often changing 
to a yellowish color, and finally wilting. 

The maggot closely resembles the 
Cabbage Root Maggot (Fig. 2) in size, 
shape and color. 


The caudal segment, however, is quite dif- 
ferent in the arrangement and number of its 
fleshy tubercles; figure 6, d and e, represents 
the caudal segment of the Onion Maggot as 
seen from the side and from above. There 
seems to be no difference in the size, number, 
and arrangement of the dorsal and lateral 
marginal tubercles in our common root-feed- 
ing Anthomyiians; there seems to be always 
eight small ones. There is often a decided 
difference in the two ventral marginal tuber- 0 \ 
cles, however, as a comparison of e, figure 6, P™0.9.7 7, & estate ee a ee 
and a, figure 2, will show. In the Cabbage 4ag¢ Fly, and the Fringed Antho- 

; mytan, respectively. ad, stdeview 
Root Maggot these two are always bifid, of caudal segment of the Onion 
while in the Onion Maggot they are single “74880t),¢, dorsal Ba 
pointed. The latter also has, in addition to 
the two tubercles just caudad of the vent, two smaller ones on the venter 
just cephalad of the two large ventral marginal tubercles; the tips of these 
small tubercles appear between the larger ones when the caudal segment is 
viewed from above as shown at e in figure 6. The number of divisions of 
the cephalic spiracle is usually ten, but sometimes eleven or twelve.* Thus 
the Onion Maggot is easily distinguishable from the Cabbage Root: Maggot. 

The adult insect, the Onion Fly, closely resembles, but is slightly larger 
than the Cabbage Fly. Both sexes of the Onion Fly are of aflight grey 
color, with the thorax of the male marked with four indistinct {brownish 


*I have not been able to compare fresh specimens of the Onion}Maggot ; with such 
specimens, I presume other distinctive characters would appear. 
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stripes and a sub-continuous stripe of rather indistinct narrow triangular 
black spots down the dorsum of the abdomen. A glance at the hind femur 
of the male Onion Fly will readily distinguish it from the one infesting cab- 
bage. At @ in figure 6 is shown the right hind leg of the male Onion Fly 
greatly enlarged, and at 4, the same leg of the Cabbage Fly ; the tuft of 
hairs at the base of the femur in 6 is a striking contrast to the comparatively 
bare base of the femur of a, the Onion Fly. The female flies of these two 
species are not easily separable unless found associated with their males. 

As the name of this onion pest indicates, it is closely allied to 
the Cabbage Root Maggot; they belong to the same genus, 
Phorbia. Its specific name ceparum comes from the specific name 
of its food-plant, the onion (4l/ium cepa). 

The life-history of the Onion Maggot, so far as recorded, shows 
that it is very similar to that of the Cabbage Root Maggot. 
Thus our discussion of this phase of the latter insect will be of 
equal interest, in many respects, to onion growers. From the 
nature of the difference in the vegetables attacked, the Onion 
Maggot probably differs somewhat in its habits, but many of the 
statements we make regarding the life-history of the Cabbage 
Root Maggot will also apply to the Onion Maggot. 

Some, and doubtless all, of the natural enemies which we 
record as attacking the Cabbage Root Maggot, also prey upon 
the Onion Maggot. 

Our detailed discussion of the methods of preventing the rav- 
ages of the Cabbage Root Maggot, especially when it attacks 
radishes, will be found equally applicable to this most formidable 
pest of the onion grower. \ 

Therefore, onion growers should understand that although this 
bulletin primarily treats of the Cabbage Root Maggot, much that 
it contains applies equally well to their worst pest, the Onion 
Maggot ; especially is this true as regards the discussion of the 
life-history and methods of combating the former pest. 


THE ROOT MAGGOT. 
Anthomyia radicum, Linn. 


Although this insect has been known for more than a century 
(it was described by Linnaeus in 1761), our knowledge of its 
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habits and life-history is very indefinite and meagre. The writer 
has never seen the insect in any stage, so cannot hope to add any- 
thing new to what has already been recorded. But this Root 
Maggot has often been confounded with the Cabbage Root Mag- 
got, as our synonomy of the latter insect shows. And as this 
confusion of these species has cost us no little trouble, we desire 
to here record what we have been able to learn about it from very 
scattered sources, with the hope that it may help to clear the way 
for others; and especially that it may induce some observer, 
opportunely situated, to give us more definite knowlege regarding 
this Root Maggot. 

It is an European species, and has been discussed by several 
German and English writers. However, there seems to be no 
record of any extensive damage to crops directly and definitely 
traceable to it. ‘True, Curtis discussed it as a turnip pest in Eng- 
land in 1843, but we now know that his turnip maggot was not the 
Root Maggot, but undoubtedly the Cabbage Root Maggot.* 

The only reason for believing that this Root Maggot occurs in 
this country is the fact that in 1878 one of the flies was found by 
Mr. Meade in a collection of flies sent him from the Cambridge 
Museum in Massachusetts. No other specimens are at present 
known to exist in this country, and no injury has as yet been 
traceable to the species here. 


All accounts of the maggot of this insect are compilations of Bouché’s de- 
scription (in 1834) of a maggot which he said occurred by the thousands in 
human dung. He describes a maggot very different from the Cabbage Root 
Maggot; his Dung Maggot is said to be muricated with black all over, even 
the fleshy tubercles on the caudal segment, and other differences appear in 
his description. If Bouché’s description of this Root Maggot is correct, and 


* Mr. Meade writes me that Curtis’ illustration of the adult of his turnip 
maggot (which he called Anthomyia radicum Linn.) is a good figure of the 
cabbage fly. This figure has appeared many times in Kuropean and Amer- 
ican literature as that of radicum. Curtis’ account of these Anthomyians in 
his ‘‘ Farm Insects’? has been the mine from which many writers on the 
subject have drawn their information, yet Dr. Fitch seems to have been the 
only one who has heretofore doubted Curtis’ determinations of the species. 
One or two other inaccuracies which crept into Curtis’ account are pointed 
out for the first time later on in this bulletin ; they have been handed down 
through the literature and now appear in several of the best discussions of 
the Cabbage Root Maggot in our American literature. 
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no one has yet questioned his determination of the species, it ought to be 
easily distinguished from the other more common cabbage and onion 
magzots. 


The adult insect closely resembles the cabbage fly, and is re- 
corded as occurring frequently in Germany and as excessively 
common in England. 


Mr. Meade says it may be recognized by its projecting face; by the scales 
of the base of the wings being unequal in size; by the thorax being black and 
marked in the male by two short, grey, narrow stripes; by the rather short, 
wide, somewhat pointed abdomen, with a longitudinal dorsal black mark, 
crossed by three transverse straight black stripes extending of an equal width 
to the margins; and by the third and fourth longitudinal veins of the wings 
being slightly convergent at their extremities. This inequality in the size 
of the alular scales, the shape of the abdomen, the markings on the body, 
and the convergence of the third and fourth longitudinal veins of the wings 
are characters, any one of which would distinguish the male fly, at least, 
from the cabbage fly ; a reference to our descriptions and figures of the cab 
bage fly will enable one to more clearly understand some of these differences. 

In fact, the flies of the Cabbage Root Maggot and the Root 
Maggot differ so much that they are now placed in different 
genera. The Root Maggot belongs to the genus Azthomyia. 
Its specific name, vadicum, ifidicates that it lives on the roots of 
plants. 

However, as we have mentioned above, Bouché recorded the maggots as 
breeding in human dung. Other authors say it feeds on the roots of the 
cabbage triteand on radishes. It would seem as though there must be some 
mistake here, for Bouché states that it needs only 8 to 10 days for its growth 
from the egg to the pupa. The pupa stage he says lasts 2 or 3 weeks. 
Nothing is said about it feeding on roots. It seems hardly probable that a 
maggot working in a living root would develop so quickly. This point 
should be investigated. If Bouché has made a mistake, it should be known, 
and the true Root Maggot definitely described. 

One can readily see from this brief discussion of the Root Mag- 
got, how incomplete and indefinite our knowledge is regarding its 
habits and early stages. It is‘to be hoped that some observer 
may be able to fill this gap in our knowledge. 
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THE FRINGED ANTHOMYIIAN. 
Phorbia fusciceps Zett.* 


Our attention was.first called to this insect by its appearing in 
June in some of our cages in which seed cabbages were growing ; 
later, in August, flies of the Cabbage Root Maggot appeared in the 
same cages. This indicated that both species fed on the cabbage, 
and led usto carefully examine all our material to determine if the 
former was also associated with the Cabbage Root Maggot in its 
work “of destruction on early cabbage. Thus we were led to 
study the insect somewhat closely so as to be able to distinguish 
it from the other common Anthomyiians in case it should appear 
in connection with them. A study of the literature of the species 
showed that it was more intimately connected with the cabbage and 
onion Anthomyiians and was more common in this country than 
we had suspected. For these reasons it seems advisable to dis- 
cuss the insect briefly in this bulletin so that future observers 
need not confound it with the other Anthomyiians with similar 
habits. 

The insect is probably of European origin as it received its 
name in Germany in 1845. Eleven years later, Dr. Fitch found 
it in New York State and described it as a new species. It was 
again described as newin France in 1866. It has also been found 
ingfEngland. In 1869, Dr. Riley met with it in a new role and, 
supposing ‘it to bea new species, gave it another name. Eight 
years later, while investigating the ravages of the Rocky Moun- 
tain Locust in the west, Dr. Riley again found the same insect 
but under such different conditions that he did not recognize it 
and again characterized it as new to science. In 1885, it was 
found in Canada; and this year in Ohio. ‘The insect is thus 
widely distributed in Europe and in this country. 


*The synonomy of this speciesas recently worked out from an examination 
of types by Rondani, Meade, Stein, and Coquillett is as follows: 


Aricia fusciceps Zetterstedt. 1845. 
Hylemyia deceptiva Fitch. (The Deceiving Wheat Fly.) 1856. 
Chortophila cilicrura Rondani. 1866, 
Anthomyia zeae Riley. (The Seed-corn Maggot.) 1869. 
ce i radicum var. caloptent Riley. (The Locust-egg Anthomyiian.) 
1877. 
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From the following brief record of the curious habits of this Anthomyiian, 
one may easily understand why an observer, finding the insect living in a 
certain manner in one locality, would not suspect that it could be 
the same one that he found in another locality feeding upon an object so 
different as to belong toa different kingdom in nature. Dr. Fitch named the 
insect ‘‘ The Deceiving Wheat Fly,’ as he found the fly very numerous 
hovering over and alighting upon the heads of wheat at the time they are in 
flower ; it was erroneously regarded by some as the fly which produced the 
yellow maggot of the Wheat Midge (D/f/losis tritici). Nothing further has 
been recorded of this wheat fly, and it had always been considered a distinct 
species until Mr. Coquillett recently (Insect Life, vi, 372) discovered by an 
examination of one of Dr. Fitch’s types that it was identical with the species 
under discussion. The insect is next mentioned in our economic literature 
as a maggot working in sprouting seed corn in New Jersey, and was named 
the ‘‘Seed-corn Maggot (dAnthomyia zeae)’’ by Dr. Riley. This insect 
seems not to have again been reported injuring corn in thismanner.* A few 
years later, the insect appeared in a decidedly beneficial role. In the 
autumn of 1876 it is estimated that its maggots destroyed about ten per cent- 
of the locust eggs in Missouri, Kansas, and Nebraska, and also sucked thous- 
ands of these eggs in the States of Minnesota, Iowa, Colorado, and Texas. 
Dr. Riley named it the ‘‘Anthomyia Egg Parasite,’’ and considered it a 
variety of the Root Maggot (4. radicum). In the same account of this 
locust-egg feeder, Dr. Riley says he has bred the same flies from cabbage and 
radish. It is probably not very common on these vegetables; we have not 
met with it among the hundreds of specimens of the maggots or flies from 
early cabbages, which we examined. Its occurrence in connection with the 
Cabbage Root Maggot on seed cabbage has been noted above. In 1882, 
the insect was found in England feeding on onions and associated with the 
Onion Maggot. In 1885, it was found working on the stems of young bean 
plants in Canada; and this year it worked serious injury in bean fields in 
Ohio. Dr. Linter has recently bred the insect from seed potatoes. This 
summer we bred the fly from a maggot found on the roots of Hedge Mustard 
(Stsymbrium officinale.) 

This is an astonishing array of food for such an insect. It 
includes sprouting seed corn, eggs of locusts, cabbages, radishes. 
onions, beans, and hedge mustard. It is thus not a strict vege- 
tarian like its near relatives ; and, when sucking locust eggs, it is 


*I.am indebted to Mr. L. O. Howard, United States Entomologist, for the privilege of 
examining Mr. Coquillett’s manuscript notes on the synonomy of fusciceps Zett., included 
in which I found this ‘‘ Seed-corn Maggot ;’’ doubtless the reference was made from an ex- 
amination of Dr. Riley’s types. 

In a collection of Anthomyiians recently received from Mr. Fletcher I found a female fly 
which bore th2 label : ‘‘ Bred from Indian Corn, destroying the sprouting seed,” with no 
date. My notes on thisspecimen, made at the time, read : ‘‘ Probably a female of Phordiza 
ctlicurva,’=P. fusciceps. 
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a very beneficial insect. Mr. Meade writes Dr. Lintner recently : 
‘“Tt is very curious that it should feed both upon animal and 
vegetable food. Some~Muscids (in larva state) eat decaying 
(rotten) animal and vegetable matter, but I was not aware that 
they would feed upon them in the fresh state.’’ 

None of the popular names which this insect has received 
adequately express what such a name should. It would be 
difficult to get a name that would suggest such a variety and 
diversity of food habits. We therefore propose a popular name— 
the Fringed Anthomyiian—which was suggested by a peculiarity 
which distinguishes the adult male insect from other American 
Anthomyiians. 

The fly very closely resembles the Onion Fly, but is consider- 
ably smaller. 

The character by which this fly can be distinguished and separated from’ 
all other Anthomyiians is to be found in a row of short, rigid, bristly hairs 
of almost equal length on the inside of the hind tibize of the males, as shown 
atcin figure 6. Thus the popular name—the Fringed Anthomyiian—at 
once suggests this characteristic fringe of hairs of the male insect. As is 
shown at a, 6, and ¢ in figure 6, this ‘‘fringe’’ on the tibia of this insect 
renders it easily distinguishable from the male flies of the Cabbage Root 
Maggot and the Onion Maggot; the fly of the Root Maggot also has no 
similar armature on its hind legs. The females of this species can scarcely 
be separated from allied Anthomyiians unless found in connection with their 
males; usually the smaller size of the female of the Fringed Anthomyiian 
will distinguish it from the Cabbage and Onion Flies. 

The maggots of this Fringed Anthomyiian very closely resem- 
ble the Onion Maggots. The only differences we find (froma 
study of only two or three specimens of each species) are in the 
size of the full grown maggots, and in the number of divisions of 
the cephalic spiracles. 

The maggots of the Fringed Anthomyiian are considerably smaller, and 
there is apparently only 6 or 7 divisions in their cephalic spiracles, one 
specimen having 6 in one spiracle and 7 in the other; there are-usually 11 
or 12 divisions in the Onion Maggot. The figure of the caudal end of the 
Onion Maggot, at d and e in figure 6, will represent equally well the same 
portion of the maggot of this species, so far as our few specimens indicate. 

Thus these two species are closely allied in both their adult 
and larval stages, and both feed on the onion, ‘‘ passing through 
their transformations at the same time,’’ says Mr. Meade. How- 
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ever, there need now be no confusion of the adult male insects, 
and doubtless, when larger numbers of fresh specimens of the 
maggots are examined, characters will be found to readily distin- 
guish them. 

The life-history of this Fringed Anthomyiian is doubtless very 
similar to that of the Cabbage and the Onion Flies ; in its bene- 
ficial role of sucking locust eggs, it may differ somewhat. Thus, 
with a similar life-history, the methods recommended for com- 
bating the Cabbage Root Maggot when it attacks radishes, will 
prove equally effective against this Fringed Anthomyiian should 
it ever occur in destructive numbers, which it seems not to have 
yet done. 


remap: OF THE PEST TO THE ‘‘CLUBROOt ae 


CABBAGE. 
The peculiar affection of cabbage roots shown in figure 7 is 
familiar to gardeners as the ‘‘ Club-root,’’ ‘‘ Club-foot,’’ ‘‘ Clump- 


foot,’’ or ‘‘Clubbing’’ of cabbage. It is an old enemy, having 
been known in Europe for more than a century, and American 
cabbage growers have suffered from it for at least half a century. 
The total loss from this disease aggregates thousands of dollars 
annually; it is particularly destructive in the eastern truck gar- 
dens in the vicinities of the large cities. 


For many years after the disease was known to exist, it was 
believed to be caused by insects. And this is not to be wondered 
at, for often various insects are found in such intimate connection 
with it that its cause would naturally be attributed tothem. The 
insect that is most often found in connection with the Club-root in 
this country is the Cabbage Root Maggot. In England the Tur- 
nip and Cabbage Root-gall Weevil (Ceutorhynchus le also 
occurs with the Club-root. 


The maggots of this Jast insect cause round gall-like swellings on the roots 
within which they feed; and by the casual observer these weevil galls might 
easily be confounded with the Club root. But these galls are commonly 
regular in formation, like rounded smooth knobs, and on cutting them open 
one does not find a mass of disorganized tissue as in Club-root, but there is a 
central chamber which has been gnawed out by the maggot then to be seen 
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lying within or which may have recently left through a distinct exit hole to 
go into the soil to transform. Thus, these galls made by weevils ought to be 
easily distinguished, wherever found, from the gall-like swellings of the 
Club root.* 

Previous to 1876, in the books and newspaper writings of American gar- 
deners, the Club-root of cabbages was usually associated with, and recorded 
as being caused by, the Cabbage Root Maggot. Peter Henderson was one of 
the foremost believers in this idea; and in his 1887 edition of ‘‘ Gardening 
for Profit,’’ although he seems to have abandoned hisidea of its being caused 
by this maggot, yet he attributes Club-root to am insect, but does not say 
what one. The disease caused much speculation among scientific observers 
for many years before its true cause was discovered. The lives and habits of 
the insects sometimes found accompanying the disease were studied carefully, 
but all efforts failed to convict any of them of being the author of the injury. 
Finally, after three years (1873-1876) of exhaustive and painstaking labor, 
an European botanist, M. Woronin, explained the nature and cause of the 
disease. He showed it to be caused by a low form of fungous growth, one of 
the Slime Moulds (Plasmodiophora brassice). Other investigators have 
since studied the disease and all agree that it is primarily caused by this 
Slime Mould. 


Thus, while there is no doubt that the Cabbage Root Maggot 
is often found attacking Club-rooted cabbage, it is also a fact that 
the maggots destroy thousands of plants where there is no trace 
of Club-root ; and it is also true that the Slime Mould of Club- 
root is the sole cause of the death of thousands of plants in fields 


*Ceulorhynchus rapae Gyll. has been recorded injuring cabbages in Missouri by Miss 
Murtfeldt (Rept. of U. S. Entomologist for 1888, p. 136; also Bull. 30 of the Ent. Div., p. 50). 
We have found a closely allied species, ‘‘ perhaps new ”’ says Dr. Hora, doing great damage 
in fields of seed cabbage on Long Island. The grubs burrow in the pith of the seed stalk 
and its branches. Often hundreds occur in a single stalk, and sometimes whole fields of 
seed cabbageare ruined by thestalks wilting and breaking over just before the seed begins 
to mature; thus nearly the whole crop ofseed has sometimes been lost by the depredations 
of this Seek-stalk Weevil (Ceulorhynchus sp.). We have found what is probably the same 
species of inscct exceedingly numerous here at Ithaca boring in the stems of the Shep- 
herd’s Purse, the Common Winter Cress, and the Hedge Mustard; in fact, nearly every 
plant of the above weeds found near the insectary in July had their pith 1iddled by the 
maggots of this borer. The cabbage seed growers on Long Island thought that this stalk 
borer was the Cabbage Root Maggot; the maggots having simply continued on up the stem 
into the pith of the seed stalk. We found no Cabbage Root Maggots in the seed stalk, but 
they occurred in company with the Fringed Anthomyiian and other maggots on the buried 
stem of the plant. 

This Cabbage Seed-stalk Weevil is a very serious pest in this great seed region on Long 
Island and should be carefully investigated We found it difficult to breed here in the 
insectary, and thus far have learned but little regarding its life-history and habits. At 
present we can suggest no more practical method of combating the pest than to keep the 
fields free from Cruciferous weeds, and remove and burn all infected seed stalks as soon 
as noticed ; after a little experience, these stalks can probably be easily distinguished from 
the others. 
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where there are no maggots. Thus the Club-root of cabbage is a 
disease of itself entirely distinct from the work of the Cabbage 
Root Maggot or any other insect. 


However, it still seems to be the general belief among American entomolo- 
gists that either ‘‘there can be but little doubt but that the work of these 
larvee (Cabbage Root Maggots) is one of the several causes of ‘ Club-root ’ of 


Fic 7.—‘‘Club-rooted’’ Cabbages ; about % natural size. 


cabbage,’’ as Dr. Riley said in 1884; or that ‘‘ they sometimes cause the roots 
to thicken up and become malformed, producing an effect similar to that of 
the fungus causing the disease known as ‘Club root,’’’ says Weed in his 
‘‘Insects and Insecticides.’’ Our observations of the work and habits of the 
maggots in the field and in the insectary lead us to believe with Miss Orme- 
rod (Rept. for 1892, p. 143) that the maggots ‘‘ bore into the roots and cause 
mischief, sometimes to a very serious extent, by the decay thus originated, 
as well as by their destructive gnawings; but they do vo/ cause gall growths, 
nor do they cause the diseased, enlarged growth which we see in the case of 
‘Finger-and-Toe,’ or ‘Club.2 * * * (p. 159). The Club is entirely and 
absolutely distinct in its nature from any insect attack.’’ True, as the same 
author says, the cabbage stalk or turnip root may swell slightly and often 
become putrid from the attacks of the maggots, and under these condi ions 
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might be mistaken by the casual observer for the beginning stage of the 
Club-root attack. But the gall like stage of the fungus is soon reached, 
when it should be easily distinguished from the possibly slight swellings 
with their accompanying maggots. 

In short, the only relation of the Cabbage Root Maggot to the 
Club-root is that it is often found associated with it, and perhaps 
feeding upon or even within the gall-like excrescences produced 
by the Slime Mould. However, the Club-root is a disease entirely 
distinct from the maggot attack and the maggot is not one of the 
causes of the disease, for although both sometimes thus occur in 
intimate connection, they also frequently occur entirely independ- 
ent of each other, in this case producing effects on the roots that 
could scarcely be confounded. 


THE LIFE-HISTORY OF THE. PEST. 


But little has been added to our knowledge of the life-history 
of the Cabbage Root Maggot since it first became known in the 
early part of the century. Curtis, Fitch and Fletcher have added 
a few details regarding the method of oviposition, and habits of 
the maggots and flies. And yet our observations indicate that 
there is still much to be learned of the habits and life-history of 
the pest, especially during the latter part of the summer. 

Our observations on its life-history have been carried on mostly 
at the insectary. Unfortunately, and much to our surprise, we 
have had but little success in breeding the insect in our cages. 
And as our base of operations was so far away (the extreme east- 
ern end of Long Island), but few field observations were practica- 
ble. However, our investigations have brought out some new 
and surprising facts which should be supplemented by a careful 
study of the pest in the field. We believe there are several phases 
of the insect’s life that are not yet understood, which would repay 
careful investigation. 

Its first appearance and habits in the spring.—No one seems to 
have recorded any more definite time than early in the spring for 
the first appearance of this pest fortheseason. The form in which 
the pest always appears at this time is that of the adult insect. 
From whence they come is discussed later under the subject of 
hibernation. Of course, the date of the appearance of the flies in 


506 BULLETIN 78. 


the spring will depend somewhat upon climatic conditions, lati- 
tude, and the locality. This year they appeared on Long 
Island in the latter part of April and during the first week in 
May. The cabbage plants were set about April 18;somewhat 
later than usual, gardeners said. Sometimes the pest has appeared 
early enough to attack plants before they are removed from the 
seed beds. 

In 1826, Meigen said the flies were common in the spring on 
the blossoms—the familiar ‘‘ pussies’’—of willows. Doubtless 
further observations on this point will show that they frequent any 
other blossoms that are accessible so early in the spring. 

Mr. Fletcher seems to have more closely observed the habits of 
the flies about cabbage plants than anyone. He says, ‘‘The 
females will spend a good deal of time running over the earth and 
trying to find some crevice’ in which to oviposit. 

If gardeners who are troubled with this pest will closely watch 
their plants for a few days after setting out, they cannot fail to 
observe these little flies, resemb!ing house-flies but smaller, on 
and around the plants. If the flies seem at all numerous, the 
grower may expect trouble from their progeny and should act 
accordingly. Whenever the flies are seen, a day or two later the 
next stage of the insect, the egg, may be found. 

Oviposition.—Many observers have seen the eggs and described 
their method of oviposition, and yet, strangely enough, there is 
hardly a clue in the literature as to what these eggs are like. In 
laying their eggs, Mr. Fletcher says the females spend some time 
in ‘‘trying to find some crevice by which they can creep beneath 
the surface of the soil and lay their eggs close to the stem, or they 
will creep close up to it and push the eggs down below the surface 
by means of their extensile ovipositor.’’ (In figure 5, plate I, 
this ovipositor is shown partly extended from the end of the abdo- 
men of the female fly.) Some observers say the eggs are laid on 
the surface of the soil; this may happen where the soil gets 
packed closely about the stem, leaving no crevice. 

A correspondent wrote the ‘‘ Rural New Yorker’’ in 1887, 
that he watched the flies carefully in the spring and found that 
all the eggs were laid about his cauliflower plants within 4 or 5 
days’ time. ‘They are laid one to twenty on a plant, close te the 
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stalk on the soil and are readily seen with keen eyes. In 1887, 
Prof. Cook recorded finding hundreds of eggs about a single 
plant. This is no exaggeration, for we have found at least 300 
maggots at work on a single cabbage plant. 

Several flies must lay their eggs on one plant to produce such a crop of 
maggots; and when only Io or 20 maggots occur, a single fly must oviposit 
on several plants. This statement is based on the following observations. 
April 9, a female Cabbage Fly emerged in a cage in which young cabbage 
plants were growing here at the insectary. She laid no eggs, and died on 
April 13. An examination was made of the contents of the abdomen, and 
it was found to be packed full of eggs. Fifty-five of these, apparently fully 
developed, eggs were removed one by one, before.the abdomen was emptied ; 
no partly developed eggs were seen. Thus 55 is probably about the normal 
number of eggs laid by one fly. 

Although the eggs are very small, measuring only .o4 of an 
inch (1.1 mm.) in length, their whitish color renders them quite 
easily seem by keen eyes, lying as they do close to the stem of the 
plant with the dark soil as a background. One of these eggs is 
shown greatly enlarged at ain figure 8. The minute 
hair line near the centre of 4 represents the natural 4 ff} 
length of an egg. 4 in the figure represents, in out- ff 
line, the shape of the egg when viewed from the 
side. When examined under a microscope the 
egg shell presents the curious irregularly ridged 
appearance as shown at a in the figure. The figure Fer yee 
also shows the large deep groove which runs along g7eaily entarged; 

the hatr line near 
its whole length becoming deeper as it approaches ‘“e center of 6 
represents tts nat- 
the blunter or head end of the egg. ret tte a be 

Apparently all writers have followed Taschenberg ew of an egg. 
(1865), in stating that the eggs hatch in about ten days. Mr. P. 
H. Scudder, of Glen Head, Long Island, who has observed this 
pest closely, told the writer that the eggs hatched in from four 
to ten days, depending upon the conditions of the weather; a 
cold spell retarding their hatching. Eggs began to hatch in 
Mr. Reeve’s field at Mattituck, L. I., this year about May 8. 

May 11, he sent us many of the eggs; they were sent in a box nearly full 
of soil, and reached*us in seemingly good condition. They were at once 
isolated on pieces of dampened blotting paper; but not an egg hatched. 
This would indicate that the eggs are easily injured if much disturbed ; and 
t may explain the success of one of the remedial measures to be discussed 
ater. 
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We have had several of the flies emerge in cages of young cabbage plants, 
from hibernating puparia brought from Long Island; and also have had 
hundreds of the flies of the second brood emerge in large frame cages 
(figure 10) containing radish, turnip, cabbage, and hedge mustard plants. 
Yet the female could not be induced to lay a single egg ; while flies came in 
from out of doors and freely oviposited on similar plants growing exposed in 
a bed but a few feet from the cages. Thus all our efforts to breed this insect 
from the egg in confinement, have thus far been unsuccessful. P 

Habits of the first brood of maggots.—In emerging, the maggot 
pushes through the blunter end of the egg which splits down 
along the sides of the deep groove. The young maggots at once 
attack the surface of the root. By means of its 
2, strong, curved, hook-like mouth parts shown much 

enlarged in figure 9, it soon rasps out a burrow 
=, along the surface. The tender rootlets seem to be 

the first objective point of the young larve. 

“= These destroyed, the maggots turn their attention 

ee iy ee mae: to the main root into which they burrow, often 

Feed Cldapna gitdling it as shown in figure 1. The figure on the 

fromI-B-Smitl-) ont of the bulletin shows the maggots at this 
work, and their effect on a cabbage root. 

Usually the maggots are found in slimy burrows in the bark 
just beneath the surface ; and sometimes one is found just enter- 
ing the bark, ‘‘ with the end of its body projecting stiffly out, like 
a peg driven in half its length,” as Dr. Fitch describes it. The 
interior portion of a rather large cabbage root is so woody that 
the maggots do not often work in it, but they sometimes pene- 
trate into the interior of the softer stem farther up. When but a 
few maggots occur on a root, they are usually to be found in 
their burrows; but often somany maggots attack one plant that 
as they increase in size there is not room for all in the bark. In 
this case, as Mr. Fletcher says, ‘‘ most of them lie outside in the 
soil, which is kept wet by the juices of the injured plant.’’ 
Where we have seen this state of affairs, the maggots were nearly 
full grown and the plant had toppled over. Thus, all the mag- 
gots doubtless had access to the plant for food during much of 
their life, but probably they were being nourished by the juices 
exuding from the injured plant when found. When this stage in 
the ravages of the maggots is reached, on a cabbage plant especi- 


THE CABBAGE ROOT MAGGOT. 509 


ally, the slimy mass of soil and the then rotting roots combine to 
give out one of the most sickening odors imaginable. 

The maggots work in a similar manner on radishes and turnips, 
except that often their slimy burrows extend irregularly about in 
the interior of the succulent root. Gardeners attribute much of 
the toughness and stringiness of turnips and radishes to the work 
of these maggots. 

In 1878 Dr. Riley found the maggots not “‘ only working in 
the normal way on the roots, but also burrowing in the stout 
mid-ribs of the leaves.’ Mr. Fletcher noticed a few of the mag- 
gots working in a similar manner at Ottawa in 1890. 

Most writers, following Bouché, state that the maggot stage 
lasts from three to four weeks. Mr. Whitehead of England says 
from 24 to 28 days. We have no definite record on this point, 
but our observations indicate that under favorable conditions 
many of the maggots of this first brood attain maturity in less than 
three weeks. 

The cabbage plants in our experiment plot on Long- Island were not set 
until April 18 this year, but we bred a few flies as early ss May 29 from 
maggots taken from some of these plants; thus the egg, larval, and pupal 
stages must have been passed in less than 41 days. Most of the maggots of 
this first brood matured during the last week of May and the first few days of 
June this year on Long Island. But maggots of various sizes occurred May 
20. ‘This was doubtless due to some of the flies appearing and ovipositing 
Jater in the spring than others. 

Pupation.—When the maggots get full grown, they einai 
work their way for an inch or two into the soil away from the 
roots, and there enter the pupal stage. Sometimes this change 
takes place in the galleries which the maggots have made in the 
roots. The change from the maggot to the pupal stage is quite 
gradual. ‘The casual observer would notice but little difference 
between a full grown maggot and a puparium which was only an 
hour or two old; they are of the same color, but the latter is a 
little shorter, slightly more elliptical in shape, and shows a cer- 
tain stiffness not seen in the maggot. These puparia can be easily 
found if the soil around the base of a badly infested plant be - 
closely examined, for a depth of two or three inches, at almost 
any time from June 1 until the next April. 
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In an hour or two after the puparium is formed, the skin begins to turn 
brown, and usually reaches a light cinnamon color in eight or nine hours. 
Some do not get much darker, but others pass to a dark seal brown color. 
They vary considerably in size, some being a third smaller than others. It 
was at first thought that this might be a sexual difference, but both sexes of 
the flies emerged from some of the smallest ones isolated for the purpose. 

The duration of the pupa stage is stated by most authors to 
vary from two to three weeks in the summer. Mr. Whitehead 
says sixteen days. Dr. Riley records the appearance of the flies 
after only eight days of pupation. Most of the puparia under our 
observation gave out the flies in about twenty days, in June; 
with some it lasted only fifteen days, with quite a number nearly 
two months, with others three months, and from a few the flies 
had not emerged by September 5, or three and a half months after 
the puparia were formed. These are very surprising facts when 
one understands that all of these purparia came from the first 
brood of maggots. There is no hint in the literature of any such 
retardation in development. Yet our observations are conclusive. 

For instance, nine puparia were put in a tumbler May 23, and flies 
emerged and were removed on the following dates, one on June 7, one on 
June 8, three on June Io, one on June 14, one on August 18, and one on 
August 23; one puparium was opened August 18 and it contained a fly pupa. 
These dates also correspond very closely with our notes on the appearance of 
the flies in our larger cages (figure 10), where hundreds of them emerged 
during the summer. 

This state of affairs complicates matters, especially as regards the later 
broods of the pest. It is even possible that some of the first brood of puparia 
hibernate. We comment further on this phase of the subject when we dis- 
cuss the number of broods of the insect. 

Habits of the flies in summer.—When the pupa is fate mature, 
it crowds against one end of its brown home, which soon splits 
open and allows the fly to emerge. As Dr. Fitch says, it “ crawls 
up out of the ground, with its wings crumpled up, and climbing 
up the side of a clod or any perpendicular surface which it finds, 
these members expand and assume their proper form before they 
become dried and firm.’’ The flies are frequently to be seen rest- 
ing quietly for several minutes ‘at a time on different parts of the 
food-plants of the maggots. As the Anthomyiians frequent 
flowers, doubtless the cabbage fly will be found on the various 
-blossoms growing in or near gardens during the summer. 


THE CABBAGE Root MAGGoT. 511 


How long the flies live in the summer is not known ; they lived 
ten days in our cages in the insectary. Doubtless they live but a 
few days after providing for the perpetuation of the species. The 
flies do no damage, for if they feed at all, it is only to eat a few 
grains of pollen or to sip a little nectar from some flower. 

The number of broods, and habits of the later broods.—It appears 
to be the accepted belief among entomologists that there are three 
or four generations or broods of this pest annually. In1884, Dr. 
Riley stated that ‘‘ the number of broods in the course of a season 
has not been accurately followed in any given latitude, but there are 
at least three.’? Many authors have simply followed Bouché who 
said in 1833, that there were several generations of the pest during 
the summer. In 1874, Prof. Cook concluded that there were at 
least two broods. 

A search through the earlier literature of the insect has revealed the prob- 
able source of this idea that the pest passes through three or four genera- 
tions annually. In 1865, Taschenberg said: ‘‘ Because they (the flies) need 
for their complete development, which begins with the early spring, on an 
average eight wecks including ten days for the egg stage, therefore must 
three complete generations in the course of a year be accepted as normal.”’ 
Thus, the number of generations has been merely a matter of calculation, 
doubtless based on observations made only on the first brood in the spring. 

There is no doubt that a brood of flies appears early in the 
spring, in New York State in the latter part of April and the 
first week in May. These flies, and their progeny of maggots 
which work on the plants in May, constitute the first brood or 
generation of the pest. This brood appears, in greater or less 
numbers, in all localities where the insect occurs. And in most 
localities, in most seasons, both in Europe and America, it is the 
most destructive brood, working in early cabbages, radishes, 
cauliflowers, and turnips; sometimes attacking these plants 
before they are removed from the seed bed. We also found this 
brood the most numerous on the weeds upon which it feeds. 

However, we find such statements as this from Dr. Fitch: ‘It is only 
my earliest sown radishes, each year, from which I obtain any that are fit 
for use, and for several years past, this first sowing has also been a total 
failure.’”’ Mr. Fyles also says that the radish fly ‘‘appears in the end of 
June and the beginning of July. I have found that radishes sown at Quebec 
in the beginning of May”’ area success. Thus, in some localities, especi- 
ally in Canada, and in some years the first brood of the pest is not noticeably 
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destructive ; but we believe it appears every year, in greater or less num- 
bers, in all localities. Even in Canada, early cabbages are sometimes injured 
in the seed bed, says Mr. Fletcher. 

The first brood is well defined ; the flies appear in April and 
their maggots work destruction in May on the roots of the cab- 
bage tribe, on radishes, and on turnips. The time when the first 
brood of maggots mature will of course vary with the season. 
This year, on Long Island, they matured about June 1, changed 
to pupe, and a majority of the flies had emerged by June 15. 
This date agrees closely with the recorded rearings of the flies 
from maggots of this first brood. ‘Thus the second brood begins, 


Fic. 10.—Cage devised for breeding the Cabbage Root Maggot. 


in New York State, with the appearance of these flies about June 
15- It should be borne in mind, however, as recorded above, 
that all of the puparia of the first brood do not give out their flies 
in June; some do not appear for months after. Our observations 
indicate that at least 75 per cent. of the flies appear in June. 


Although hundreds of these flies emerged in our large cages prepared 
especially for their comfort, none laid eggs, all dying in a few days. One of 
these cages is shown in figure to. It consists of a framework covered with 
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cheap tarlatan, and is screwed together for convenience in storing away. It 
is 7 feet long, 3 feet wide, 3% feet high at the front and 2 feet at the back; 
the top being made slanting to correspond with the glass roof of the insec- 
tary. For convenience in examining all parts of the cage, three large doors 
were made in the front as shown in the figure. The whole frame sets over a 
bed of earth made in a wooden frame. In this bed the different food-plants 
of the pest were grown. Although this cage proved a failure as far as breed- 
ing the Cabbage Fly is concerned, it will prove a valuable addition to our 
outfit for studying other, less particular, insects. 

In one of these cages we kept growing various sizes of cabbages and hedge 
mustard from May 20 to August 3; and in the other cage several varieties of 
turnips and radishes were grown during the same period. The plants grew 
thriftily, and hundreds of the flies emerged from maggots and puparia 
placed in the cages. But for some unaccountable reason they would not 
oviposit. It would seem as though in these large airy cages the flies would 
be sufficiently at home to provide for the perpetuation of their species. And 
it seemed still more strange, when we found flies coming into the insectary 
(which is only a similar cage on a larger scale) from out of doors in June, 
and breeding on radishes and turnips in a similar bed only a few feet away. 

Thus our efforts to rear this second brood of the pest in confinement has 
this year been a failure. And yet there is no doubt that the flies of this 
brood soon oviposit and a second destructive brood of maggots appear in 
July. For in the latter part of June, we found half grown maggots at work 
on some of the radishes and turnips in a bed in the insectary. These were 
_ doubtless produced by flies which appeared in the early part of June, or 
about the time the second brood of flies appeared in the fields. Further- 
more, the recorded facts indicate that in certain years in some localities, 
this second brood is the destructive one. The testimony of Dr. Fitch and 
Mr. Fyles quoted above shows this. Mr. Fletcher says in 1890: ‘‘The 
greatest amount of injury is caused by a brood of flies which appears in the 
middle of June and up to about the first week of July.’? Thus in Canada, 
the second brood is usually more destructive than the first. 


The natural conclusion from the above facts is that there is a 
second brood of the pest, which is often equally as destructive as 
the first; the flies of this second brood appear about June 15, and 
the maggots work in July. And the second brood evidently 
works in the same manner on the same food-plants as does the 
first brood; late cabbage also often suffers in the seed bed. ‘The 
exceptional habit of mining the leaves of beets, recorded by Dr. 
Lintner, seems to have been the work of this second brood of 
maggots. 

The definite recorded knowledge of this second brood seems to 
end with the maggots in July. When do the flies which are to 
produce the third brood appear ? 
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Upon pulling up a turnip in a bed in the insectary on July 5, we found 
several nearly full grown maggots at work on it, and in the soil near by were 
a few puparia. Flies emerged from these puparia, July 16 and 20; the 
maggots produced flies on July 29, August 2 and 21. Thus the indi- 
cations are that some of the puparia of the second brood give out their flies 
in about 20 days, while others remain as puparia for 4o days or 
more. As has been mentioned, the flies from the first brood of pu- 
paria also appeared at similar irregular intervals. Possibly a majority of 
the flies of the third brood (that is, those flies produced from the second 
brood of maggots) appear in the latter part of July. And curiously enough, 
some, possibly 20 per cent. of the puparia of the first brood gave out the 
second brood of flies in our cages about July 20; there had been no maggots 
in the cages and no flies had appeared since the middle of June. 


Thus a portion of the third brood of flies emerge in July and are 
seemingly reinforced by a few belated members of the second 
brood. From this point our knowledge of this pest, both from the 
records and from our observations, is very meagre and fragmen- 
tary. The flies which emerge in July would be just in time to 
catch the late crops of their food-plants, and often the plants are 
then young and tender. But it is the universal testimony of gar- 
deners that late crops of cabbages, radishes, or turnips suffer but 
very little, if any, from the maggots. Especially is this true of 
cabbages ; some gardeners tell us the maggots seem to prefer to 
work on late radishes and turnips, and that these crops are the 
breeding places of the later broods. 

In August, when the third brood of maggots would naturally 
appear, the early crops of cabbages, cauliflowers, radishes and 
turnips have been harvested. And as the late crops of these veg- 
etables seem to be rarely, if ever, seriously damaged, the question 
naturally arises, if there are later broods, where do they develop? 


There is no doubt that the maggots do work on the roots of their ordinary 
food-plants later in the season. Many writers record the occurrence of the 
insect after August, sometimes even in November. In 1891, the maggots 
wrought great destruction in a field of turnips at Ithaca in the early part of 
the season ; and we found a few maggots still at work on October 3. But 
there are apparently no records of the maggots occurring in sufficient num- 
bers to do serious damage after August 1. Thus no well-marked destructive 
broods of the insect seem to appear after the second one, on cultivated crops 
at least. Those found at work in August and later would seem to be scat- 
tered remnants or irregular broods produced by belated flies from the first 
brood of maggots, augmented by some flies which emerge from the second 
brood of pupariain July. Curtis’ observations seem to support the view that 
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all of the flies from the second brood of puparia do not emerge the same 
season. Maggots working in turnips weresent him July 21. These were 
put, with a turnip root, in a flower-pot; but the flies did not emerge until 
the following April. 

The above discussion indicates that the life history of this pest 
becomes quite complicated in July and August. We are able to 
definitely trace but two distinct broods of the pest, the second 
brood changing to puparia in July. 

Hibernation.—Curtis says: ‘‘ Many of the flies no doubt live 
through the winter, secreted in holes and crevices, and some of 
the pupe do not hatch until the spring ;’’ this is but a free tran- 
slation of what Bouché wrote in 1834. All later authors agree 
with Bouché. In 1884, Dr. Riley said that ‘‘the insect hiber- 
nates both in the larva state in the roots and in the puparium 
state underground.’’ ‘Thus it has come to be the accepted belief 
that the pest passes the winter in all three of its later stages—the 
maggot, the puparium and the fly. 

The experience of Mr. Fyles who, on November 21, examined radish roots 
on which the maggots were operating in October, and found no maggots, 
would indicate that the pest does not pass the winter asa maggot; and we 
are inclined to think that this method of hibernation is exceptional. For, 
early in April, while searching for the pest on Long Island, we examined 
many of these ‘‘stumps”’ left in the fall, but saw no indications of hiber- 
nating maggots. This point could be easily settled by some field observa- 
tions in the winter or early spring. 

Most observers agree that the usual method of hibernation is in the 
puparium. This is the form in which we found the insect early in April on 
Long Island. They were found in the soil around the base of ‘‘ stumps ”’ of 
early cabbage. However, but comparatively few were found in this situa- 
tion, and we had no opportunity to examine the soil where late crops had 
grown. So few puparia were found that it seemed improbable that the pest 
would be numerous this season. But, notwithstanding the fact that the 
cabbage ficld was removed about 150 feet from last year’s field, the maggots 
were more numerous than ever this season. This would indicate that either 
the pest bred freely in other late crops thus producing many puparia else- 
where, or that possibly many flies hibernated. 

The indications, as shown in our discussion of the number of 
broods of the pest, are that possibly some of the first brood and 
many of the second brood of puparia hibernate, not giving out 
their flies until the next April. 

Apparently the only evidence we have of the hibernation of the 
flies, is the statement of Bouché quoted above. We found but 
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few puparia early in April, and yet the flies appeared in large © 
numbers three weeks later. These facts would indicate that 
many of the flies hibernated. It is not at all improbable that the 
flies do pass the winter secreted in crevices or under rubbish, ete. 
However, there is need of further evidence on this point. 


NATURAL ENEMIES OF THE PEST. 


This pest, like many other insect pests, has several enemies 
among the animals, including those of its own kind—the insects. 
These natural enemies help to hold this pest in check, but the 
balance of nature has not yet reached that point where the scale 
tips in favor of the enemies. However, they are worthy of con- 
sideration, for the time may come when they will effectually 
check it. 

Of the larger animals, two are recorded as feeding on the mag- 
gots. In the Country Gentleman for 1864, a correspondent is 
advised to turn his chickens into his cabbage patch to destroy 
the maggots. At one end of our experiment plot on Long 
Island, chickens injured some of the plants soon after they were 
set out. Later, when the maggots had appeared in full force, 
the chickens found them, and thousands of them were eaten, but 
usually the plants were also either pulled up or badly damaged. 
Thus, on the whole, it is hardly advisable to try to fight this 
pest with chickens, unless the plants are already beyond recovery. 

In England, as Miss Ormerod reported in 1884, the Rooks 
sometimes tear up infested plants and hardly a maggot escapes 
them. 

Several insects have been recorded as enemies of the Cabbage 
Root Maggot and allied insects. 


In Europe, five different species are recorded as parasites on Anthomyiians. 
In 1834, Bouché enumerated the following: Alysia ruficeps, from the 
pupe of Anthomyia radicum, Alysia manducator, from the pupe of 
Athomyia dentipes ; Microgaster anthoniyiarum, from the larvee of Phorbia 
ceparum, Figites anthomyiarum, from the pupze of several species of 
Anthomyia, as dentipes, floralis (=brassice), etc. Taschenberg says: 
‘*The small Braconid Opius procerus Wsml. was bred from the larve by 
Mr. Brieschke.’’ All of these insects are minute active wasp-like forms, 
which doubtless crawl into the earth among the maggots and sting their 
eggs into the bodies of their helpless victims. 
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Probably none of the above parasites work on the pest in this 
country; but in 1888 Mr. Gillette discovered that a similar 
minute Hymenopterous insect was at work on the pest here. 


The description of this parasite has not yet been published, but Mr. 
Fletcher has given it the name anthomyig,; it is one of the Cynipids 
belonging to the genus 7rybliographa, which European authorities consider 
to constitute a section of the genus Aucoela. In 1893, Mr. Fletcher bred 
this little parasite in considerable numbers from the puparia of the Cabbage 
Root Maggot. This year we have bred a few from puparia brought from 
Long Island. The adult parasite appeared in Mr. Gillette’s cages in Sep- 
tember from puparia of the first brood found in June. A specimen, recently 
received from Mr. Fletcher, bore the date, April 15. We bred two of the 
parasites in August from puparia of the first brood, and an examination of 
other puparia of this brood to-day (November 6) reve+ls several which con- 
tain no trace of the Cabbage Root Maggot, but instead a broad, fat, much 
wrinkled, footless, whitish grub that is doubtless the larva of this Cynipid 
parasite which will probably hibernate in this condition. Probably the 
eggs of this little foe are laid in the maggot before the puparium stage is 
reached. In emerging from the puparium, the little wasp like fly broke 
through an irregular, nearly square hole just back of the head end. 

This little Cynipid has thus been found in Michigan, Canada, 
and New York, and it doubtless has quite a wider range, possibly 
occurring in most localities where the maggots 
work. It may play an important part in keeping 
this pest in check in the near future. 

The little Hymenopterous parasite just discussed 
has a worthy rival in the form of a small beetle, 
one of the Staphylinidae, or Rove Beetles. Many al 
of these narrow short-winged beetles are very use- _ Frc. t= The 
ful as scavengers, some attack living insects, and ee 
others are parasites in ant’s and wasp’snests. The Maggi ithe 
one which has found the Cabbage Root Maggot very = right repre- 
palatable food is very small and slender,measuring ra cross 

; 2 2 (From Lininer) 
only about % of an inch in length. The beetle 
is represented in figure 11, considerably enlarged ; the hair line at 
right shows its natural length. It is black in color, and its body 
is covered with silky hairs and small punctures. These hairs and 
punctures being so much less numerous on the head, thorax, and 
first four antennal joints, cause these parts toappear blacker than 
the rest of the insect. Sometimes the wing-covers have a green- 


ish coppery lustre. The feet are brown, the femora and tibiae 
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blackish. The terminal joints of the antennae are so thickly cov- 
ered with the short hairs as to have a grey appearance. 


This little foe received its name, Aleochara nitida, in Germany in 1802. 
There are also frequent references to it in later systematic works by Europe- 
ans, thus indicating that it is widely spread and doubtless common in various 
parts of Europe. It has been known in this country since 1836, when Say 
described it from Missouri as Aleochara verna, this name was made a syn- 
onym of zitidaby Le Conte in 1869. In 1870, Mr. Sprague found the 
beetle in Massachusetts, and being advised that it was a new species.describ- 
ed it as Aleochara anthomyiae, by which name it has since been discussed 
by American economic writers. However, for nearly ten years, the insect 
has been considered identical with mz/ida by systematists (Henshaw’s List of 
Coleoptera). In America the insect is now known to occur in Missouri, 
Massachusets, New York, and Canada. It thus has a wide distribution both 
in Europe and in this country. 


Nothing seems to have been recorded of the habits of this little 
beetle until 1870, when Mr. Sprague published the following ac- 


count : 

“T took from the earth in my garden, around the root of a dead cabbage 
plant, twenty-six pupae of the Cabbage Maggot, from which I bred two 
imagoes ; also six parasites which came out of the pupa-cases by gnawing a 
rough hole through the side near the extremity, after which I took from the 
remaining pupa cases three imagoes, and one pupa of the Rove-beetle. My 
surprise was so great upon discovering the six Rove-beetles where I expect- 
ed two-winged flies, that I carefully examined with a microscope the remain- 
ing pupa-cases, as also those from which the flies came, but could discover 
no break or orifice by which the Rove-beetles could have entered. It was 
after this examination that I opened the balance with the above stated re- 
sults; thus proving, so far as I can judge, that the fly larva was entered be- 
fore its skin had hardened into the pupa-case.’’ 


In 1880, Mr. Barnard found the beetle very abundant here at 
Ithaca. He says: 

‘‘ They are often seen running from one young cabbage to another, or en- 
tering holes, but more commonly close about the stalk. Half of our young 
cabbages here, last year and this, have been killed by the maggots, and now 
on pulling up an infested stalk, these beetles often come out, sometimes 
several from about one plant. To test their habits, I put a maggot in a bot- 
tle with them. When hungry asingle one alone will attack a full-sized 
maggot, tearing open its sides and feasting uponit. I have seen five of them 
like a pack of wolves,cling to and tear a writhing maggot, killing it quickly. 
They are wonderfully active, and promise to be the best enemy against the 
fly which has ruined so many crops here.’’ 


Four years ago Mr. Fletcher made the following observations 
on the habits of this relentless foe of this cabbage pest : 
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‘* This little friend . . . was found in considerable numbers running 
about among the cabbages and burrowing down beneath the soil in search of 
maggots. Not only is it extremely active in preying upon the magyots, 
but it is also a true internal parasite feeding inside them and completing its 
transformations inside the pupa case. In the hope of rearing this beetle, 
16 larvae and pupae were taken from the root of a cabbage, where the per- 
fect beetle had been seen and were inclosed in a breeding jar. From these 
were reared g beetles and one fly, the remainder of the pupae dried up 
without coming to maturity. In some of them, however, the immature 
beetles were found when the cases were broken. When the beetle eats it 
way out of the pupa-case it gnaws a ragged hole at one end quite differ- 
ent from that made by. the emergence of: the’ fly.*..  .--. 32:4) lave 
generally been able to find a few of these beetles in beds of cabbages in- 
fested by the Cabbage Maggot and upon one occasion bred a specimen from 
the Onion Maggot.”’ 

These accounts of the habits of this beetle indicate it works destruction to 
the Cabbage Root Maggot both as a parasitic larva and asa predaceous adult. 
Both Mr. Sprague’s and Mr. Fletcher's accounts would seem to show conclu- 
sively thatthis Staphylinid beetle is atrue parasite. And yet, closely allied 
forms are known to havestrictly p-edaceous habits. In 1888, Mr. Coquillett saw 
a larva of Maseochara valida ‘‘ busily gnawing its way into a puparium of a 
Syrphid fly. At the expiration of 24 hours it had completely buried itself in the 
interi.r of the puparium, and I saw nothing more of it fora whole month, 
when it issued through an irregular hole in the upper side of the puparium 
and soon afterwards spun an irregular, thin, tough, white cocoon in the 
bottom of the breeding cage. The beetle issued about 11 weeks later.’’ At 
the meeting of the Association of Economic Entomologists in 1891, Mr. 
Schwarz, who has a wide knowledge of the habits of beetles, said that he 
‘* considered the larva of these beetles not to be true parasites, but simply 
predatory, . . . and stated, moreover, that the beetle larva has no ap- 
proach to the parasitic habitus.”’ 


Thus theoretically, this enemy of the Cabbage Root Maggot 
should be purely predaceous in its habits, but practically the evi- 
dence of competent observers seems conclusive that it is truly 
parasitic. As we have not met with the beetle in our observa- 
tions, we can offer no evidence in support of either opinion. The 
evidence both pro and con, has been quoted in full, with the hope 
that it will stimulate future observers to carefully investigate this 
point whenever they may be fortunate enough to find this little 
enemy at work. There is no doubt that man has a most potent 
ally in this little beetle. 

The Cabbage Fly has still another enemy in the shape of a 
mite, a species of 7rvombidium ; it resembles its near relative, the 
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well-known Red Spider so common on house plants. In 1887, this 
little mite, which would escape detection except by the keenest 
eyes, was found in Michigan sucking the eggs laid by the Cabbage 
Fly. It was found that three of the mites would suck, on an 
average 28 eggs every day. No similar observations have since 
been recorded. 

Thus, in this country, man is aided in his warfare against this 
most formidable cabbage pest by the chickens, by at least two 
common and widely distributed foes among its own kind as the 
Staphylinid beetle and the little Hymenopterous parasite, and by 
a mite. However, these foes apparently have not yet gained 
sufficient strength to effectively check the Cabbage Root Maggot 
in its destructive work. ‘The time may come when the balance 
of nature will turn in favor of these little foes. Thus the gardener 
needs to be acquainted with these little friends of his that he may 
protect them whenever they are found ‘‘ lending a hand.”’ 


METHODS OF PREVENTING THE RAVAGES OF THIS 
PEST. 


About 70 different methods have been recommended for com- 
bating this pest. Our experiments and a study of recorded exper- 
iments, lead us to believe that only 6 of these need be, at present, 
seriously considered by gardeners. "They are therefore discussed 
first, in large type, as the Effective methods, two of which act as 
preventives, and the others are used to destroy the insect. 

We group 9g of the proposed methods as Doubtful, or Partially 
Effective; 3 of these are preventives of attack, and 6 act 
destructively. 

The remaining methods, about 50 in number, we class as Inef- 
fective, or Impracticable methods, about one half of which are 
supposed to be preventive intheir action, and the others destruc- 
tive. Some of these deserve further notice by future experimenters. 

This full discussion of all methods recommended to combat this 
pest will enable gardeners and others to decide what not to use, 
what ts worthy of a trial, and what methods have been found practi- 
cable and effective. 
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1. EFFECTIVE METHODS. 


A. PREVENTIVE. 


1. By MECHANICAL DEVICES. 


(a) Covered Frames over Plants. 


This method of growing the plants, either in a cold frame cov- 
ered with cheese cloth or fine netting, or under a similar protec- 
tion in the field, is of course, only practicable with small areas or 
a few choice plants. Prof. Cook grew radishes successfully in this 
manner in 1888. Wherever practicable it -will prove a sure pre- 
ventive, but must be applied early before the flies appear and be 
kept on during nearly the whole season. 


(b) Zarred Paper Cards. 


This idea of preventing the attacks of the Cabbage Root Maggot by closely 
encircling the stems of the plants by paper collars resting upon the ground, 
first originated in Michigan in 1887. Prof. Tracy, of Detroit, experimented 
with heavy manilla paper, but not with satisfactory results. Prof. Cook also 
experimented with the paper cards, and although he secured hundreds of 
eggs where he used adhesive fly paper for the cards, yet he could not recom- 
mend the method ; he seems not to have tested it again. 


In the spring of 1889, the idea occurred to Mr. Goff to substitute for the 
manilla paper, cards made of tarred paper, and further protection was secured 
by the use of a bit of grafting wax to form a more perfect union between the 
paper and the stem. His experiment was a complete success. 

This preliminary experiment was so successful that the next season Mr. 
Goff perfected the method by devising a very simple tool which would cut, 
at a single operation, a six-sided card with a slit reaching to the center, and 
with a star-shaped cut at the center, so that the same card may accommo- 
date itself to any sized stem and still make a tight joint. He had these cards 
tested by several large cabbage growers that season. Mr. J. M. Smith, of 
Green Bay, Wis., reported that he had about 7,000 plants protected with the 
cards and secured a splendid crop;° while a like number of unprotected 
plants nearby would have been an entire failure if he had not resorted to the 
hand-picking of the maggots. Messrs. Smith Brothers of the same place also 
reported a like success from the use of the cards. In 18g1, these same par- 
ties again used the cards. The former reported that he lost from the mag- 
gots not more than 25 plants of the 10,002 to 15,000 that he protected with 
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Fic. 12.—Outline of Tarred Paper Card; nat- 
ural size, (From Goff.) 


Fic. 13.—Diagram showing how the tool Fic. 14.—Tool for cutting 
zs used The dotted line indicates the the cards, about % nat- 
position of the edge of the tool. ural size. (From 

(From Gof.) Goff.) 


the cards ; ordinarily he would have lost from 34 to ;% of the crop. “Messrs. 


Smith Brothers used about 15,000 of the cards and had no maggots, except 
where the cards were not properly put on. 
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These experiments having established the practicability of the 
tarred paper cards, the method was published by Mr. Goff in 1891. 
We have reproduced Mr. Goff’s outline drawings of one of the 
cards (Fig. 12) natural size, of the cutting tool (Fig. 13) about 
¥% natural size, and of the diagram showing how the tool is to 
be used (Fig. 14) much reduced. We quote Mr. Goff’s concise 
descriptions of the cards and fool, and their use: ‘‘ The cards 
are cut in a hexagonal form,.in order to better economize the 
material, and a thinner grade of tarred paper than the ordinary 
roofing felt is used, asit is not only cheaper, but being more flex- 
ible, the cards made from it are more readily placed about the plant 
without being torn. 

‘‘The blade of the tool, which should be made by an expert 
blacksmith, is formed from a band of steel, bent in the form of a 
half hexagon, and then taking an acute angle, reaches nearly 
to the center, asshown infigure14. The part making the star- 
shaped cut is formed from a separate piece of steel, soattached 
to the handle as to make a close joint with the blade. The latter 
is beveled from the outside all around,so that by removing the part 
making the star-shaped cut, the edge may be ground on a grind- 
stone. It is important that the angles in the blade be made per- 
fect, and that its outline represents an exact half hexagon. 

‘To use the tool, place the tarred paper on the end of a section 
of a log or piece of timber and first cut the lower edge into notches, 
as indicated in figure 13, using only one angle of the tool. Then 
commence at the left side, and place the blade as indicated by the 
dotted lines, and strike at the end of the handle with a light mal- 
let, and a complete card is made. Continuein this manner across 
the paper. The first cut of every alternate course will make an 
imperfect card, and the last cut in any course may be imperfect, 
but the other cuts will make perfect cards if the tool is correctly 
made, and properly used. 

‘“’The cards should be placed about the plants at the time of 
transplanting. To place the card bend it slightly, to open the 
slit, then slip it on to the center, the stem entering the slit, after 
which spread the card out flat, and press the points formed by the 
star-shaped cut snugly around the stem.’’ Atain figure 16 is 
shown acard properly applied to the stem of a geranium; 4 shows 
a card carelessly put on. 
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Mr. P. J. Diepold of Madison, Wis., has made several of the 
cutters; he charges $2.50 each, and makes a very satisfactory 
tool. The best grade of paper to use is what is termed ‘‘ one ply 
tarred felt.’’ It can be bought in retail lots for from 2 to 4 cents 
per pound. The following letter published by Mr. Goff gives reli- 
able data as to the cost of the cards, the labor of applying them 


on a large scale, and other useful hints: 
GREEN Bay, Wis., April 12, 1894. 

Our young man cuts from 500 to 600 of the cabbage pads per hour or 5,000 
to 6,000 per day of ten hours. One person will put on from 300 to 500 per 
hour according to the rapidity 
ot the workman. The paper 
that we use costs from 1% to 
1% cents per pound at whole- 
sale, or from 2% to 3 cents at 
retail, and one pound makes 
about 200 pads. In giving in- 
structions to anyone in regard 
to using the pads, always cau- 
tion them about getting the 
pads too low down, for if they 
are covered with enough earth 
so that the earth above the 
card remains moist, the mag- 
gots will work over the pads. 
We had one bed of cabbage two 
years ago that illustrated this 
point in the most perfect man- 
ner. The bed extended from 
ground that was quite firm to 
some that was very soft, and in 
the soft part the boys set the 
plants too low and the earth 
gathered in over the pads and 
Fic. 15.—An arrangement for facilita- the maggots got their work in 
ling the cutting of the cards. according to the amount of earth 
there was over the pads. On 
this same bed I made an experiment without and with the pads and the re- 
sult proved, asit had before, that beyond all question the pads do all that we 


have claimed for then. GEO. B. SMITH. 
Mr. Smith has described for us his arrangement for cutting the 
cards. Hesays: ‘‘ We put the roll of paper ona roller made 


by standing two pieces of plank up edgewise to the wall, fastening 
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them in position, and boring an 1% inch hole in each; a hoe 
handle put through the hole in the roll of paper, serves as a 
roller. The cutting block is made wide enough to work the 
whole width of the paper by fastening several blocks of hard wood 
together; it is then stood on end immediately in front of the 
roller.”” This arrangement is shown in figure 15. Where large 
numbers of the cards are to be cut, some such device would facil- 
itate the work very much. 


Being very favorably impressed with this preventive method devised by 
Mr. Goff, we planned to further test it on our experiment plot on Long 
Island. A diagram and description of this plot is given on page 551. The 
diagram represents the rows on which we planned to put the cards. They 
were put on April 19, the day after the plants were set. Mr. Reeve, the 
owner of the plot, applied the cards quickly and quite well for one with no 
previous experience. May 21, we examined the plot. It required but a 
glance over the field from the west end to determine which rows had been 
treated with the preventives, and especially was this true of those protected 
by the cards. However, as we glanced along the 4th, an untreated row, and 
the 5th, ai treated row, it soon became evident that either the cards had 
offered but little protection to the plants in the east half of the latter row, or 
that we had not followed the plan. For the east half of the 4th row, which 
should have had but few plants standing, judging from the other untreated 
rows, showed nearly all the plants in good condition. Further examination 
showed that we had make a mistake and the cards had been applied to the 
east half of the 4th row instead. Thus the preventive experiments were 
planned as in the diagram on page 551 but were applied according to the 
following diagram : 


NORTH. 
Ist row: Tobacco Dust Paper Pads. 
2d row: untreated untreated. 
& 3d row: Paper Pads Carbolic Acid Emulsion. B 
5 4th row : untreated Paper Pads. = 
5th row: Carbolic Acid Emulsion: | untreated. j 
6th row: Paper Pads Tobacco Dust. 
SouTH. 


This mistake only served to bring out more strongly the effectiveness of 
the cards. 

When the examination was made (May 21), the maggots had done their 
worst, and scarcely 50 plants remained standing in the untreated rows, while 
less than 50 had succumbed in either of the two rows protected by the cards. 
We found a few maggots on some apparently healthy plants that had the 
cards. Thus the cards had not been a complete success, but they had saved 
more than we had expected from the conditions under which they were 
applied. The pest appeared in such mumbers as to severely test any method 
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that might be devised to combat them. The soil was also very loose and 
uneven, and had been cultivated into ridges in which the plants had been 
set ; and we purposely had the cards put on with only the care that an inex- 
perienced person would take. Although the conditions were thus against 
the success of the method, yet Mr. Reeve reported in August that he had cut 
327 heads from the two rows on which the cards were put; the west half of 
the 3rd row gave 77 heads, and the west half of the 7th row 60 heads (chickens 
had destroyed about 25 plants on the end of these half rows) ; from the east 
half of the first row he had cut 100 heads, and from the east half of the 4th 
row go heads, The two untreated rows together produced but go heads. 
The experience of Mr. Smith given in his letter above, well 
illustrates the importance of proper conditions and proper care in 
applying the cards. 
He also writes us on 
this ‘point “Tietae 
soil is very light and 
loose, care must be 
taken that the plants — 
arenot pressed down 
too deeply so as to 
form a cup or dish 
around the plant. 

If the land is 
very soft, the better 
plan would be to rollit 
before setting the 
plants.’’ To further 


Fic. 16.—a, Zarred Paper Card properly put impress the idea of 


on; b, acard ee sega that will properly putting on 


the cards, we have 
introduced figure 16 which shows acard properly applied at a ; 
and one carelessly put on at 6, under which a female fly could 
easily crawl and lay her quota of eggs near the stem. Witha 
little practice, the cards can be applied properly just as easily and 
as quickly as it can be done carelessly. Growers will soon learn, 
as have Messrs. Smith Brothers of Wisconsin, that the cards, 
to be effective, must be properly applied; and that when the 
cards are thus applied, they are very effective. 
Our experience satisfies us that these cards will afford almost 
complete protection to cabbages and cauliflowers from the Cab- 
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bage Root Maggot, if a little care is taken in applying them. 
The protection evidently comes, not from the smell of the cards 
tending to drive away the fly, but from her inability to get to the 
stem to lay her eggs. ‘The experience of the Messrs. Smiths at 
Green Bay shows that the cards are practicable on a large scale. 
Messrs. Smith Brothers wrote us they cut 20,000 for use this year ; 
it costs them for material and labor about $1 to protect 1,000 
plants. No second treatment is required ; sometimes a little care 
is necessary in hoeing, so as not to cover the cards with dirt. In 
our State it will not be necessary to use the cards after May 20. 
They will not last more than one season, but new ones can be 
made during the winter when other work is not so pressing. Most 
of the Long Island gardeners with whom we discussed the method 
were favorably impressed with it, but some of them set their plants 
so deeply that it would not be practicable to properly put on the 
cards. The plants are set so deeply that the bases of the first 2 
or 3 leaves are below the surface. Of this method of setting, 
Prof. Bailey says (Bull. 37, p. 405, of the Cornell Agr. Expt. 
Station): ‘‘We find as a result of three years’ investigation, that 
the depth at which strong and stocky cabbage plants are set does 
not influence the extent or weight of the crop.”’ 

Therefore, we believe that gardeners will find that this method, 
which is unfortunately only applicable to cabbages and cauli- 
flowers, will prove, when properly carried out, the cheapest, most 
practicable, and most efficient method yet devised for preventing the 
ravages of the Cabbage Root Maggot. However, the same objection 
may be raised against itas would apply to any preventive method ; 
that is, it must be kept up for several years as the experience of 
Messrs. Smith Brothers shows. Our discovery that the pest 
breeds freely on several common weeds offers a reasonable ex- 
planation why this is true. If all of the Cruciferous weeds in the 
“neighborhood could be exterminated and none of its other culti- 
vated food-plants be grown unprotected near by, then a few years 
of prevention with the cards would doubtless starve out the pest in 
that locality. 
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B. DESTRUCTIVE MEASURES. 
I. DESTRUCTION OF THE EGGS. 


In 1879, Mr. Philbrick recorded that ‘‘the only effectual remedy he ever 
heard of is rubbing, with the fingers, the stem of the cabbage every few days 
to destroy the eggs and young maggots.’’ Mr. H. A. March writes in 1887 
that ‘‘ he watches the flies carefully in the spring, and after they have been 
at work 4 or 5 days, he hires women to go along and rake (with a tool made 
for the purpose) all the eggs into the middle of the row where they dry up or 
the maggots cannot get to food; if any maggots are found they are at once 
crushed. The eggs are readily Seen with keen eyes. The field is gone over 
again in a week, with the result that less than 5 per cent. of the plants are 
lost.’’ In commenting upon Mr. March’s account, Mr. Henderson says 
(Rural New Yorker for 1887, p. 578): ‘‘In my opinion it is the only thing 
that can be done to save the crop when the maggots are present. We adopted 
the same plan several years ago and have been comparatively free since.’’ 

This evidence shows that the method is practicable and efficient. 
Our experience with the eggs, as mentioned in the discussion of 
the oviposition of the insect, indicated that the eggs failed to 
hatch when much disturbed. Either Mr. Philbrick’s or Mr. 
March’s method would be effectual, and the only expense is the 
labor. The practicability and effectiveness of the method should 
recommend it to all gardeners. 


2. DESTRUCTION OF THE MAGGOTS: 
(a) By Hand-picking. 


As is indicated in the correspondence included in the discussion 
of the Tarred Paper Card Preventive, some gardeners resort to 
hand-picking of the maggots to save their crop. It must be a 
laborious method, but has the merit of being very effective. It 
would seem, at first thought, hardly profitable on a large scale, 
and yet when we realize that oftentimes it means a loss of the en- 
tire crop if the maggots are not removed, then the method becomes 
practicable. Mr. Fletcher found in 1887 that cabbage plants may 
even be taken up, the roots examined, perhaps washed in strong 
soap suds, replanted, and yet after 2 or 3 weeks show no differ- 
ences from uninfested plants which had not been disturbed. Thus, 
hand-picking is sure to be effective, is always practicable on a 
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small scale or with choice plants, and is practiced sometimes by 
extensive cabbage growers with profit. 


(6). By the Use of Insecticidal Substances. 
Carbolic Acid. 


Since 1881, when Prof. Cook first tested this substance, it has been used 
with quite uniform success by other investigators; but all have considered 
that its effectiveness was due to its odor, which prevented the flies from ovi- 
positing on the plants treated with it. Mr. Fletcher says: ‘‘It must, how- 
ever, be remembered that it isa ‘preventive’ of attack, not a ‘remedy’ for 
application after the attack has begun. It is for keeping the flies from com- 
ing to lay theireggs. When used as a remedy to destroy them it would have 
to be of such a strength as would destroy the plants also.’’ He then quotes 
from Prof. Hilgard to show that ‘‘a solution of carbolic acid, that would be 
instant death to an insect sprinkled with it, becomes inodorous and harmless 
when filtered through a few inches of soil.’’ Our discussion of this substance 
as a preventive, on page 552, should be read in this connection, for it in- 
cludes the results of the experiments which have been made with the acid. 

While applying the substance in our experiments there recorded, we found 
that it quickly soaked into the ground, leaving but little odor after a few 
hours; and we thus expected but little result from its use. But the results 
recorded in the preventive discussion of this substance show that it was quite 
effective, but was not so effective as the Tarred Paper Cards; and yet the 
much stronger, but similar, odor of the cards was not what gave the protec- 
tion, for wherever not properly applied the flies crawled under and accom- 
plished their object. It is also a significant fact in this connection that, in 
all of the experiments by Mr. Fletcher and Prof. Cook, although the appli- 
cations were doubtless begun before any eggs were laid, yet the applications 
were continued either until the plants were large enough to eat or until after 
the time for the maggotsto appear. Weare therefore inclined to believe that 
most of the good results heretofore gained by the use of this substance have 
been through its killing power, either on the egg or maggot, rather than from 
its having had any preventive effect on the flies. 

The following laboratory experiments show that it has decided killing 
powers. May 25, Ioosmall maggots, brought from Long Island, were put at 
the base of each of two well-established cabbage plants. The next day, 
after the maggots had begun work on the plants, the earth wasremoved from 

-about the base of the plants until some of the maggots were laid bare. Then 
around one plant was poured 4 oz of an emulsion (1 lb. soap, 1 gal water, 
and % gal. crude carbolic acid) diluted with 50 parts of water, or at the rate 
of a pint of acid to about 22 gals. of water. Around the other plant was 
poured 4 oz. of the same emulsion diluted with 75 parts of water. May 30, 
this latter cage was superficially examined, with the result that 30 dead and 
3 living maggots, and 14 puparia were found ; many of the dead maggots 
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were found underneath the bark of the root in their burrows, while nearly 
all the live maggots seen were on the lowest roots where perhaps the emulsion 
had not penetrated. The puparia were replaced. June 7, both cages were 
carefully examined. In the one examined May 30, 8 of the puparia were 
still alive, but no live maggots were found. In the cage where the emulsion 
was applied in a 50 part dilution, many dead maggots, 12 dead and 12 ap- 
parently live puparia, were found; no live maggots remained. In similar 
cages which received no treatment, from 71 to 95 puparia were found. The 
killing power of the emulsion was thus very evident, and the 75 part dilution 
seemed equally as effective as the 50 part. In fact, this emulsion gave the 
most promising results of anything we tried here in the insectary, except the 
bisulphide of carbon treatment described later. None of the plants showed 
any injury from the application. The same amount of the emulsion was ap- 
plied to other plants, about large enough to set in the field, but which had 
no insects on their roots; and no injury had resulted from the applications 
20 days later. 

Thus, our experience, both in the field and in the insectary, 
lead us to believe that in this emulsion we have one of the cheap- 
est, most effective, and most practicable killing agents that has 
yet been suggested for combating these root maggots. The ma- 
terial can be easily and cheaply obtained, so that the principal 
expense is in its application. Always use the crude carbolic acid 
as it is much cheaper than the purified and is nearly, if not quite, 
as effective. It will probably be safer if used as an emulsion than 
if simply diluted with water. We would advise that it be made 
by the following formula: 1 lb. of hard soap or1 qt. of soft soap 
dissolved in 1 gal. of boiling water, into which 1 pint of crude 
carbolic acid is then poured and the whole mass agitated into an 
emulsion, which will remain in this condition for a long time. 
In treating the plants, take one part of this standard emulsion 
and dilute it with 30 equal parts of water ; it probably can be 
used stronger without injury to the plants. If the emulsion is 
cold and semi-solid use several parts of warm water at first. Be- 
gin the treatment early, a day or two after the plants are up, or 
in the case of cabbages and cauliflowers, the next day after they 
are set in the field, and repeat 1t once each week or ten days until 
about May 20 in our State. While we have little faith in the 
preventive effects of the early treatments, we do believe that the 
emulsion will then kill many of the eggs and recently hatched 
maggots. If it could be applied with some force through a syringe 
or force pump, it might not be necessary to go to this trouble of 
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first removing some of the earth from about the plants. It must 
be remembered that its success will depend on the eggs or maggots 
being hit with it. None of the cabbages in our experiment wer€ 
injured in the least by an application containing nearly twice as 
much of the’acid, and there is but little danger of its injuring the 
tenderest foliage of radishes, turnips or onions; if any injury 
manifests itself on these crops, dilute the emulsion with 40 or 50 
or more parts of water, instead of 30. A Knapsack or a Wheel- 
barrow sprayer would prove a very useful instrument in applying 
the emulsion on a large scale. 

Whoever has tried this emulsion thoroughly report success, 
and we believe it is the most successful and most practicable 
method of treating radishes, turnips, or onions, yet devised ; for 
plants of the cabbage tribe, other methods discussed further on 
will prove more effectual. We hope this emulsion may be given 
a fair trial by many gardeners and other investigators. In our 
experience, it is more effective than the kerosene emulsion and 
rivals the bisulphide of carbon treatment. 


CARBON BISULPHIDE. 


Prof. Cook was the first to experiment with this volatile substance on the 
root maggots. In 1880, he used it for this purpose “with the happiest 
results. A small hole was made in the earth near the main root of the 
plant, by the use of a walking stick, and about 15 cubic centimeters of the 
liquid poured in, and the hole quickly filled with earth, which was pressed 
down with the foot. In every case the insects were killed without injury to - 
the plants’? The next year, Prof. Cook found that its use was not practica - 
ble in radish beds owing tothe great number of plants to be treated, thus 
requiring so much liquid as to make it an expensive treatment; he tried 
making a few applications at short distances apart in the bed, but not with 
satisfactory results. In 1884, some of Prof. Cook’s correspondents reported 
that the substance sometimes injured the cabbage plants, and its efficiency 
varied with the nature of the soil. The same year, Mr. Goff ‘‘ found that 
bisulphbide of carbon applied to the soil about the roots of radishes, destroyed 
the maggots that had not yet entered the root, but it had no perceptible 
effect upon those within.”’ 


In 1886, Prof. Cook reported before the Ingham Horticultural 
Society that experiments at the College that year had showed 
conclusively that, if carefully applied and used in time, it was 
a specific against the maggots. Those who had reported that 
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it would not do effective work in clay soil, or that it killed 
the plant, had, without doubt, deferred the application till 
the plants were beyond hope. A Mr. Lee, in the audience, 
said he had tried the liquid, and knew it would always work on 
clay or sand, and not hurt the plants. Me made a hole a little way 
from the plant. We italicize this sentence, because it is the key- 
note of success with this substance. We believe that most of the 
reported injury to the plants has been due to the hole having 
been made close beside the plants so that the liquid itself reached 
the roots. The liquid would very quickly kill the root, but its 
vapor would do no harm. ‘This point is more fully emphasized 
later on 

The following year, however, Prof. Cook says he is persuaded, after a 
thorough trial, that this substance cannot be made practicable. Differences 
in soils, and seclusion of the maggots which bore quickly out of reach of 
the insecticide, make its use uncertain, and therefore unsatisfactory. In 
1888, Mr. Hulst reported that the substance could not be used, for when it 
came in contact with the roots it always did them very great injury. In 
1892, in response to an inquiry from Mr. Barnhardt, the U. S. Kntomologist 
advised him totry the liquid. Although the application was made ( June 15) 
after many of the maggots had changed to puparia, he reported very satis- 
factory results. 

From the above brief resumé of the experiments thus far 
reported with this substance, we glean that the weight of evi- 
dence shows that it can usually be depended upon to kill the 
maggots. The only serious objections raised are that it some- 
times seems not to work alike in all soils ; also, it may injure 
the plants; and such large quantities would have to be used on 
radishes, onions, or turnips as to make it expensive and thus not 
practicable on these crops. The last objection is doubtless a 
valid one, unless the plants are of a choice or new variety. How- 
ever, we believe, as did Prof. Cook and Mr. Lee in 1886, that 
when properly applied, it will prove very effective against the 
maggots on any soils without injuring the plants ; of course, it 
will work slower somewhat on the heavier soils, and the dose 
may have to be increased slightly on such soils. 

A few preliminary experiments in cages here at the insectary with this 
substance showed that it killed, not only the maggots, but the puparia also. 
Scarcely a live insect could be found in the cages the next day after apply- 
ing a teaspoonful of the liquid to each plant. Ten puparia were placed 
beneath the soil in each of two cages, and to one cage a teaspoonful of the 
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liquid was applied and the other was left untreated. No flies ever emerged 
in the treated cage, while nearly every one of the puparia gave out a fly in 
the untreated cage. In no case did the plants show any signs of injury 
from the liquid. We always applied the liquid in a horizontal hole begin- 
about three or four inches from the plant and running down to a point a 
little below the roots. ; 

But while our experiments demonstrated that the substance 
was sure death to the insects and did not injure the plants, we 
were convinced that to make the method practicable in the field, 
some method must be devised by which the liquid could be more 
quickly, safely and perhaps efficiently applied. 

It seemed as though some instrument might be, or possibly 
had already been, devised by which the liquid could be thus 
applied. We were unable to find any record of such an instru- 
ment having been devised in this country. The ‘‘ Pal-injecteur ”’ 
used in France is also too extremely heavy and clumsy, and 
very expensive. 

The instrument devised by Prof. Cook in 1884, for the under- 
ground application of kerosene emulsion, apparently could not be 
adapted for the use of the bisulphide of carbon. Mr. Barnard’s 
‘‘ Nether-inserter,’’ devised in 1883, facilitated the making of the 
hole, but not the application of the liquid. Thus no instrument 
seemed to have been devised by which the application of the 
liquid could be made practicable in cabbage or cauliflower fields. 

The case was stated to Mr. McGowen, the inventor of the 
famous McGowen Spray Nozzle. After several experiments in 
trying to simplify the French instrument, the idea was abandoned. 
He then started out on a theory of his own, and finally devised 
an instrument which seems to ‘‘ fill the bill’’ quite completely. 
In honor of the inventor, we shall call it ‘‘ The McGowen In- 
jector.”’ In construction, it is very simple, as the sectional 
drawings in fig. 17 show; the description of the different parts, 
and how they work are given below. 


Description of the McGowen Injector.—Figure 17, B, represents a sec- 
tional view of the instrument, about one-seventh naturalsize. It consists of 
a long piston, #, its upper portion working closely in a small cylinder; the 
middle portion passing through the long reservoir, ~; and to the lower 
smaller portion which passes through that part of the instrument, 2, which 
is forced into the ground, is attached the valves, v, working in a cylinder at 
tached to the lower endof thereservoir. A handle is attached to the upper 
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end of the piston, and the lower end is pointed and works closely in the 
lower small cylinder only at the point opposite g. The reser- 
voir is filled through the opening at e, which is protected by a 
screw cap. In B, the instrument is ready for insertion in the 
soil. At A,is shown a section of the lower portion of the instru- 
ment, nearly one half natural size, and this view represents the 
position of the valves, v, when the instrument is being with- 
drawn from the soil. It operates very simply. When the pis- 
ton is pulled up it is stopped at the proper point by the metal 
pin through the piston near #, in B. This brings the upper 
valve into the reservoir, 7, and the liquid immediately fills 
the chamber between the two valves; this is the measuring 
chamber, and its size can be easily regulated to hold a tea- 
spoonful, or more or less, by simply screwing the valves either 
way or by winding cloth around the piston between the valves. 
Before inserting in the soil, the piston is pushed down and is 
stopped by the lower valve striking against the bottom of its cyl- 
inder. The valves are then in the position shownin B. As the 
lower portion of this valve cylinder is cut out larger, the liquid 
escapes into this lower chamber, /. c., and some runs down 
around the lower part of the piston but is prevented from escap- 
ing by the arrangement near the point, at g, by which the piston 
here fits very closely. The pulling up of the piston again, of 
course, lets the charge of liquid run out, and at the same time 
the measuring chamber is again filled, thus securing an automa- 
tic action. It was found necessary to have an opening in the 
lower chamber, /. c.,in order to allow air to take the place of 
the liquid so it could freely run into the 
soil. This opening, 0, also supplies the = — 
measuring chamber with air which is 
drawn up into the reservoir and then dis- | 
places the liquid and allows it to freely en- 
ter the measuring chamber. All parts 
of the instrument are made of brass, except 
the small discs or leather in the valves, and 
the wooden handle on the piston; the 
reservoir may be made of tin. All parts 
must fit closely, for the liquid works 
through where water would not. The 
reservoir can be made larger or smaller, 
and the lower portion which is inserted 
in the ground can be made of any length 
to suit the depth to which it may some- 


times be necessary to apply the liquid. 
On larger instruments a foot-rest could 


FIG. 17.- ve he McGowen Injector. 
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be easily attached to assist in inserting the instrument if necessary. The 
reservoir in our instrument (Fig. 18) is 2 feet long, 2'%4 inches in diame- 
ter, and holds 2 quarts of liquid. 

All the parts of the injector are made of brass or tin except 
the simple discs of leather used in the valves, v. These can be 
easily replaced when worn. The priceat whichit can be madeand sold 
will depend upon the demand and also on its size and the material 
of which the reservoir (7) is made, whether tin or brass. The 
reservoir in the one shown in operation in figure 18 is 2 feet 
long, 2% inches in diameter, and holds about 2 quarts of the 
liquid. This is about the right size for use against the Cabbage 
Root Maggot, as one filling of the reservoir will treat about 
500 plants, using a teaspoonful at each plant. It could easily be 
made larger without adding much weight to the instrument, fora 
slight increase in the diameter of the reservoir would greatly in- 
crease its capacity. Mr. McGowen can make them any size de- 
sired. The one shown in figure 18 can be made for from $3 to $5, 
depending on the demand for it and the material used; in large 
quantities, they could doubtless be made for less. The brass in- 
strument we have has a capacity of 2 quarts and weighs when 
empty 4% pounds, and when full of water 4 pounds more. Thus 
in gardens it will require but little more than the weight of the 
loaded instrument to force it into the soil. But if a larger instru- 
ment was needed it might be well to have a foot-rest attached 
near the bottom. 

In fact, we believe the instrument can be so adapted as to work satisfactorily 
wherever the liquid is now used against underground insects. For instance, 
it will facilitate the application of the liquid to the new Grape Root-worm. 
(Fidia viticida) which has recently appeared in Ohio; and itis possible, as 
Prof. Cook suggested in 1880, that the Peach Borer (Samnina exitiosa) may 
be killed by the substance, especially on small trees where it works almost 
entirely on the roots (we shall try some experiments in this line in the 
spring). Many other instances might be mentioned where it would be prac- 
ticable to use the liquid, now that we have a suitable instrument to apply it. 
In fact, this simple and cheap injector should opeu up a whole field of ex- 
perimentation with this liquid ; why not use it against the root form of the 
Black Peach Aphis (discussed in Bulletin 49) or the Wooly Aphis of the 


apple. 
The liquid is very volatile and will thus quickly evaporate if 
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left in an open or uncorked vessel; we find large glass bottles 
with tight-fitting corks the best receptacles for it. The vapor is 
very poisonous and great care should be taken in pouring it out 
not to breathe much of it. As the vapor is also very explosive, 
no lights of any kind should be brought near when it is being 
used. ‘Treat it with more care than you would gunpowder, in 
this respect. The best and cheapest brand now on the market is. 
that known as ‘‘Fuma Carbon Bi-Sulphide,’’ manufactured by 
Edward R. Taylor, Cleveland, Ohio. He ships it in 10 lb. cans 
at 12 cents per pound, or in 50 lb. cans at 10 cents per pound. It 
can be obtained in small quantities at drug stores, but usually for 
not less than 25 cents per pound. 

Thus cabbage plants can be treated once, and once is usually 
sufficient, at the rate of about 1o plants for 1 cent for the liquid, 
using about 1 teaspoonful to each plant. As the injector will last 
for years, and several neighbors might join in the purchase and 
use of one instrument, its cost would practically not influence this 
estimate of the cost of killing the maggots. We believe it is the 
cheapest, most effective, and most practicable method yet devised 
for fighting this pest on crops of cabbages and cauliflowers ; on 
crops of radishes, turnips, or onions it will probably be too expen- 
sive except where choice or new varieties are attacked. The Car- 
bolic Acid Emulsion will prove the most practicable on these last 
crops. 

The method of inserting the injector is shown in figure 18. 
The hole should always begin at a distance of 3 or 4 inches from 
the plant and run horizontally downward to a point a little below 
the roots. To accomplish this, the injector must be inserted at 
an angle as shown in the figure. Force it down until you think 
the point isa little below the roots, then let out the charge of 
liquid. In operating the injector, first pull the piston up as far as 
it will go; this loads the measuring chamber between the valves; 
then push down the piston until it stops, and the instrument is 
ready to be pushed into the ground. Push it into the ground as 
far as desired, hold it there while you pull up the piston ; by this 
operation you let the charge out of the lower chamber into the 
ground, and at the same time the measuring chamber is again filled. 
Hold the injector in the ground a few seconds after the piston has 
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been pulled up in order that all the liquid in the charge may have a 
chance torun out. ‘Then pull the injector out of the ground, and 
quickly, with the foot, fill the hole with earth and step on it to 
pack it down. Press down the piston, and you are ready to treat 
the next plant. Never push the injector in the ground unless the 
piston is clear 
- down, because 
if the lower 
end is not thus 
closed, it will 
immediately 
fill with soil 
which is not 
easily re- 
moved. Study 
the drawings 
in figure 17 in 
connection 
with these di- 
rections and 
you will un- 
derstand the 
reason for 
each step. We 
would advise 
that the reser- 
voir be first 
filled with 
water and the 
injector oper- 
ated above the ground until each step is thoroughly under- 
stood. There is nothing complicated about the instrument, or 
the way it is to be operated. It can be easily taken apart and 
cleaned if necessary ; the only caution to be observed in replacing 
the parts is to have the flanges of the leather in the upper valve 
turned upward. 

We recently tested the effect of the liquid on some young cab- 
bage plants not yet large enough to set in the field. A table- 


Fic. 18.—T7he MWcGowen Injector, and how to use tt. 
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spoonful of the liquid was applied beneath several plants with the 
injector. Ina few minutes the odor of the liquid was very notice- 
able on the surface around the plants. These plants have not 
showed any signs of injury from this large dose. As stated in the 
description of figure 17, the amount of liquid to be applied can be 
easily regulated. On small plants, a teaspoonful will probably be 
sufficient. When the plants are well established in the field, and 
the maggots thick, use a tablespoonful. One application will 
usually suffice. ‘The time to apply will be when the maggots are 
first discovered, earlyin May. Do not wait until the plants begin 
to wilt before making the application, for although it will then kill 
the insects, it will not reinvigorate the plant. 

We believe gardeners will find this the most practicable and 
most effective method of killing the Cabbage Root Maggot when 
it attacks cabbages and cauliflowers. 


2. DOUBTFUL, OR PARTIALLY EFFECTIVE METHODS. 


With some gardeners, many of these methods may prove quite 
effective ; in fact some have used them with apparent success. 
However, we believe that they should be more thoroughly tested 
before they are unqualifiedly recommended for indiscriminate use 
by gardeners. 

A. PREVENTIVE. 


Z. Substances Applied to the Soil. 
Gas Lite. 


Doubtlessthe vile-smelling properties of this refuse from gas works, is what 
suggested its use as a preventive of the Cabbage Fly. However. evidence ac- 
cumulates every year that vile smells are not so obnoxious'to insects as was 
thought several years ago. Prof. J. B. Smith showed (Bull. 75, N. J. Expt. 
Station, p.29) that gas-tar has no repellant effect on the Squash Borer. He 
also says (Bull. 85, p.8) that ‘‘it is important to know that what we consider 
as foul or vile smells never yet kept away insects. . . . It is not the 
smell of gas lime, but the caustic properties that are of value’ Mr. Lazen- 
by found (Mich. Hort. Soc. Report for 1881, p.214) that gas-lime did not 
effectively repel the Codlin Moth. 

The first record we find of the use of gas lime to prevent this pest, is by 
Mr. Garfield in 1877. He treated alternate rows of radishes and turnips 
with the substance, ‘“‘ hoping by means of a v.le odor to prevent the flies 
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from laying their eggs.’’ He reports it a failure. In England gas lime is 
extensively used by gardeners, and Miss Ormerod reports some favorable 
testimony for it as a preventive ; none of the evidence is conclusive, how- 
ever. In Canada, Mr. Fletcher reports good effects from putting a small 
quantity of fresh gas-lime around each Cabbage plant when setting it out ; 
on radishes or onions it had to be applied at frequent intervals, and was then 
not an infallible remedy. Mr. Wright Rives, of Washington, D C., writes 
us that the cabbage growers near Beltsville, Md., use large quantities of gas 
lime yearly, and they report good results from it. 

Thus, there is but little definite evidence either for or against the effective- 
ness of gas lime asa preventive. It cannot be readily obtained in many lo- 
calities, and is liable to injure tue plants if used when too fresh or in too 
large quantities. Wherever it is practicable it shouldibe tried, although we 
are inclined to doubt its efficiency. 


2. Cultivation. 


Whatever method is employed in growing the crop seems to have but lit- 
tle preventive effect on the insect. It is true that often a much larger crop 
is produced in an infested field if the soil is kept well hilled up around the 
plant. In this case the difference is not due to the lessening of the numbers 
of the pest, but the plant, thus encouraged, sends out enough roots for both 
itself and the maggots. However, we believe thatthe numbers of the pest 
can be materially lessened for the next season by following the infested crop 
with some crop which the pest does not attack, This crop should be one 
requiring frequent cultivation so as to keep down all Cruciferous weeds,some 
of which we now know would harbor the pest. Also,if all the remnants of the 
crops upon which the pest feeds, as the cabbage “ stumps,’’ etc., are thor- 
oughly removed and destroyed in the fall, we believe many of the insects 
will thus be destroyed. Thus, clean culture throughout the season will, we 
believe, materially lessen the numbers of the pest appearing next spring, 
and thus act as a preventive. 


3. Kerosene Oil and Sand. 


In 1885, Mr. Fletcher reported that he had good success in preventing the 
attacks of the pest on radishes by sprinkling sand saturated with kerosene 
(a large cupful to a pailful of dry sand) along the rows once a week until 
they were large enough to thin out and have the ground well hoed over the 
roots. He also reports good results from its application every week until the 
middle of July around the stems of cabbages. This simple method is prac- 
ticable, on a small scale at least, and should be tried by gardeners, for all the 
evidence yet reported favors it. 


540 BULLETIN 78. 


B. DESTRUCTIVE. 
I. DESTRUCTION OF THE MAGGOTS. 
(a) By the Application of Direct or Indirect Fertilizers. 
Lime and Liquid Manure. 


The recommendation of this combination rests upon the experiment of 
Mr. Dunning in 1889. He found on May 20 that some early cauliflowers 
were badly infested by the maggots; the stems below ground were entirely 
encased in maggots. The next day he applied to each plant a pint of a mix- 
ture formed by slacking 5 pecks of fresh burned lime in 100 gals. of liquid 
manure ; this was stirred ten minutes and poured around the plants with a 
sprinkler. From an examination of a dozen plants on May 27, he reports 
that not a live maggot could be found, and the plants had made a large 
amount of new roots. When he used gas lime instead of ordinary lime, the 
effect was not so good. He states that the lime water killed the maggots and 
the manure stimulated the roots. Where liquid manure can be obtained in 
such quantities, this combination should be tried. Judging from Mr. Dun- 
ning’s report, this is one of the most promising recommendations yet made to 
combat the pest. We hope it may soon be further tested. 


(6) By the use of Insecticidal Substances. 


Hellebore. 


In his report for 1890, Mr. Fletcher recorded the first experiments with 
this substance against the Cabbage Root Maggot. Some 3 years before he 
had learned that one of his correspondents had used a decoction of it with con- 
siderable success on the Onion Maggot. Mr. Fletcher applied the substance 
to about I,200 plants in the following manner: ‘‘One person carried a 3-gal- 
lon pailfull of water in which 2 ounces of white hellebore had been steeped, 
and an ordinary green-house syringe, the other placing the left hand be- 
neath the cabbage, palm downwards, with two fingers on each side of the 
stem, drew away the surface soil from the root of the cabbage, and at the 
same time, with the right hand, pulled the head a little over, so as to expose 
the roots. About half a teacupful of the liquid was then syringed forcibly 
around the roots, and the earth was quickly pushed up again around the 
stem. The result of this treatment was that only about one per cent. of the 
cabbages was lost. There is no doubt that the forcible syringing of the 
liquid removed the maggots to some distance from the roots; but by actual 
experiment it was found that the white hellebore killed them also.’’ He 
records a further test of the decoction later in the season which resulted very 
satisfactorily, and from which it appeared that the hellebore killed by contact. 
He further says: ‘‘In applying this hellebore remedy care must be taken 
not to dig down too deep or disturb the root too much. The chief seat of 
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injury is the underground portion of the stem above the mass of roots. If 
about two inches of the soil be removed that part of the stem most attacked 
is laid bare, but the roots need not be disturbed. An important thing is not 
to put off the treatment too long.’’ In 1892, andin 1893,he reports this helle- 
bore tea in a large measure successful, but concludes that it is practicable 
only in gardens and not for field practice. 

Although others have since recommended this hellebore tea, yet no one 
except Prof. J. B. Smith seems to have tested it. In 1892, Prof. Smith had 
one of his correspondents test it on the cabbage maggots, using on each plant 
one-half pint of the tea, containing one ounce of hellebore in one gallon of 
water; it was reported a success. However, he says: ‘‘As against the 
Onion Maggot, I scarcely know whether to recommend it as yet, without 
further experiment.”’ 

May 25, we put roo small maggots about the base of a well-established cab- 
bage plant. The next day when the maggots had begun work on the root, 
we poured 4 ounces of hellebore tea (1 ounce steeped in 1 gallon of water) 
in a cavity about the plant. Four days later, we found live maggots working 
on the stem near the surface ; and June 7, 68 live puparia (and one maggot 
still feeding on the stem) were found in the cage. As only 71 puparia were 
found in asimilar cage not treated, it was evident that our application had 
had but little effect on the maggots. In another similar cage the decoction 
had no effect on mature maggots and recently formed puparia. The helle- 
bore used was practically fresh, as it had been kept in air-tight jars. 

In the face of such positive results attained by so careful an investigator as 
Mr. Fletcher, it would not be fair to conclude from our slight experience that 
this hellebore tea is not an effective killing agent when used againt these 
root maggots. And yet our experiment shows that there is need of further 
experimentation with the substance before it can be confidently recom- 
mended for indiscrimate use by gardeners. This simple remedial measure 
should be thoroughly tested by other investigators. 


Kerosene Emulsion. 


The first experiments we find recorded with a kerosene emulsion were 
made by Prof. Cook in 1884. He dissolved 1 qt. soft soap in 1 gal. hot water 
and then added 1 pint of kerosene oil. It was reported ‘‘a safe and very 
efficient specific against these very destructive maggots.’’ He devised an 
instrument for applying it below the surface of the soil (Figured in Rept. 
Mich. Hort. Soc. for 1884, p. 204). Two years later, Prof. Cook treated rad- 
ishes with a similar, but stronger, emulsion (1 lb. soap, 1 gal. water, 2 qts. 
kerosene) diluted with about 2 parts of water. Treatment was begun when 
the plants were small and continued every three or four days for 4 weeks; 
a tablespoonful was applied to each plant each time, and three-fourths of the 
plants were entirely free from the maggots. He concluded from his experi- 
ments thus far that, when made by the first formula, the emulsion was sure 
death to the maggots but must be applied early and often ; he then preferred 
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it to carbon bisulphide for he found it just as effective and in no danger of 
injuring the plants. ! 

In 1884, however, Mr. Goff experimented with an emulsion made of 4 lbs. 
of soap, 1 gal. kerosene, and 1 gal. water. One ounce of this was dissolved 
in one pint of water and repeatedly applied to the roots of an infested cab- 
bag- plant, with apparently no effect on the maggots. The amount of kero- 
sene used by Mr. Goff was greater than that used by Prof. Cook at each ap- 
plication. 

In 1887, Prof. Cook applied his emulsion freely 3 times a week to cabbages. 
and radishes ; it seemed to have no effect on the insect, but in one case it in- 
jured the plants. He concludes: ‘‘that I have killed these maggots both in 
the garden and on potted plants in the laboratory, by the use of the kerosene 
and soap mixture. Yet upon a thorough trial I am persuaded that the 
remedy cannot be made practicable.’’ Mr. H. A. March of Washington 
State wrote the same year that Cook’s emulsion cost him 2000 cauliflower 
plants. In 1889, Mr. Hulst carried on some experiments with the Riley- 
Hubbard emulsion which indicated that when diluted with 9 parts of water 
it injured the plants, but could be safely used when diluted with 12 or 15 
parts of water and it would then also destroy the maggots. There would be 
about as much kerosene in a pint of this dilution as Mr. Goff had used in his. 
experiment. In 188g, Dr. Riley advised Zimmer Bros. of Alabama to try the 
emulsion on their cabbages then infested by the maggots. They reported 
that when diluted with 9 parts of water, it killed every plant; but when 12 
parts of water were used in diluting, no harm resulted to the plants and the 
maggots were destroyed. In 18go, one of Prof. J. B. Smith’s correspondents 
reported good results from the use of the emulsion diluted 15 times. Mr. 
Fletcher found the emulsion successful in 1892 and 1893; but says it is not 
practicable for field use. The Riley-Hubbard formula* for the emulsion has. 
been used since 1888. 

The evidence so far is quite conflicting. Evidently the emulsion is the 
most effective when made by the Riley-Hubbard formula; but unless each 
gallon is diluted with at least 12 gallons of water, the plants are injured. 

May 23, we placed 100 small maggots on the base of a well established cab- 
bage plant. The next day, after they had begun feeding on the root, 4 oz. 
of the emulsion diluted with 9 parts of water was poured in a cavity about 
the plant; and a similar amount of a I to 12 part dilution was similarly ap- 


*To make the Emulsion, thoroughly dissolve one-half pound hard or soft soap in one 
gallon boiling water. While this solution is still very hot add two gallons of kerosene and 
quickly begin to agitate the whole mass through a syringe or force-pump, drawing the 
liquid into the pump and forcing it back into the dish. Continue this for five minutes or 
until the whole mass assumes a creamy color and consistency which will adhere to the 
sides of the vessel, and not glide off like oil. It may now be readily diluted with cold rain 
water, or the whole mass may be allowed to cool when it has a semi-solid form ,not unlike 
joppered milk. This standard emulsion if covered and placed in a cool dark place will 
keep for along time, In making a dilution from this cold emulsion, it is necessary to dis- 
solve the amount required in three or four parts of boiling water, after which cold rain: 
water may be added in the required quantities. 
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plied to another plant on which 100 small maggots had been placed. The 
next day a superficial examination showed that many of the maggots were 
dying. June 8, 32 live puparia were found in the cage where the 1 to 9 part 
dilution had been used ; and 4o puparia in the other cage. As from 71 to 
95 puparia were found in similar cages receiving no treatment, it is evident 
that the emulsion killed many of the maggots. 

The evidence would seem to support the conclusion that the kerosene 
emulsion (using 2 gallons kerosene, 1 gallon water, and one-half pound soap) 
diluted with 12 parts of water, will prove quite effective if applied early and 
often to radishes and onions, and two or three times on cabbages and cauli- 
flowers. It must be applied thoroughly, by first removing some of the earth 
from around the base of the plant and eithersyringing in the liquid or applying 
through a knapsack sprayer. It will prove practicable on a small scale, at 
least. We believe, however, that the carbolic acid emulsion or the carbon 
bisulphide treatment previously discussed, will prove more effective and prac- 
ticable. 


2. DESTRUCTION OF THE PUPAE. 
(a) By Destroying old‘‘ Stumps’? in the Fall. 


Some authors have recommended the removal and destruction of the old. 
“stumps ’’ usually left in the field in the fall, in order that the puparia 
which they may contain be thus destroyed. We doubt if there are ever 
many paparia in these old ‘‘stumps’’ in the fall, but some maggots may 
thus be destroyed. Doubtless more of the insects would be destroyed by the 
destruction of the ‘‘stumps”’ of the early crop as soon as the crop is gathered, 
In any case the old ‘‘stumps’’ should always be removed, for'although they 
may not contain many specimens of this pest, they furnish breeding places 
and shelter for other noxious insects. 


(6) By Fall Plowing. 


Kunstler, in 1871, suggested that many of the hibernating puparia might. 
be destroyed by plowing the ground late in the fall. Messrs. Riley, Lint- 
ner and Fletcher have also recommended it. Doubtless a late plowing 
followed by a thorough harrowing would destroy or deeply bury some of the 
puparia and thus help to check the pest. 

(c) By Use of Gas Lime. 


Dr. Lintner, in 1885, suggested that a heavy dressing of gas lime applied 
in the fall, would doubtless kill many of the hibernating puparia. It might. 


3. INEFFECTIVE, OR IMPRACTICABLE METHODS. 


Under this heading are grouped those methods which have been 
thoroughly tested and found ineffective or impracticable; and 
some methods are also included which have not been sufficiently 
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tested, but which we are inclined to believe will not prove effec- 
tive or practicable. However, there are several methods in this 
latter group that should receive further investigation as is indi- 
cated in the conclusions drawn from the evidence submitted in 
the discussion of each. 


A. PREVENTIVE. 
I. By ORDINARY FARM METHODS. 


(a) Selection of Soul. 


In 1886, the Rural New- Yorker, advised a correspondent to select a very 
sandy soil for a radish bed, to avoid injury from the maggot. The 
next year, in the same periodical, Mr. Goff gave similar advice. Yet Dr. 
Lintner said in 1882 that ‘the insect has been observed to be very injurious 
to earlier crops and upon sazdy soil. It is thought that benefit has been de- 
rived from late sowing in clayey soil.’? Weseeno reason why the sandy soil 
would prevent or discourage the pest in any way. The soil in many parts 
of Long [sland where the maggots work freely is quite sandy. The efficacy 
of the method is thus doubtful. 


(5) Time of Planting. 


Our discussion of the number of broods of this pest indicates that in some 
localities the first brood is not numerous enough to be noticeably destruc- 
tive, while the second brood is often very destructive. This seems especially 
true in Canada. Hence, we find Mr. Fletcher and Mr. Fyles advising Cana- 
dian gardeners to sow radishes early, in May; but the former writer adds 
that this will not always prevent. 

Farther south, in our State, all gardeners are aware that the pest is usually 
the most destructive to early crops. Hence, we find Cook in 1874, and Lintner 
in 1882, advising late sowing of radishes. In New York State, the pest rarely 
does much damage after July I, so that gardeners find that late cabbages set at 
about this time escape with little injury from the maggots. In Canada also, 
Mr. Fletcher finds that cabbages set about July 15 are not troubled by the 
maggots. The application of the method then seems to depend upon the 
locality, as far as early crops are concerned, while late crops suffer but little 
in any locality. However, in many localities and especially on Long Island, 
it is the early crops that pay the best and are therefore the more largely 
grown ; so that the time of planting is necessarily early, and the pest must 
thus be fought by other methods. 


(c) Trap Crops. 


In 1888, Prof. Cook. concluded that the Cabbage Root Maggot relished 
' radishes better tham cabbages,and he therefore suggested that the latter might 
be preseerved from attack by alternate rows of radishes. This, of course, 
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implied that the radishes were to serve as a trap crop to entice the flies away 
from the cabbages,'and later the radishes were to be destroyed with their 
accompanying maggots. Others, notably Mr. Hulst in 1888 and Mr. Fletch- 
er in a recent letter to the writer, say that the pest is especially fond of cauli- 
flowers, attacking them in preference to radishes or cabbages. No careful 
experiments have been recorded in this line. Cabbages or cauliflowers could 
not be profitably grown as trap crops. Radishes might in some cases, but 
the evidence is not conclusive that the pest would attack this cropin prefer- 
ence to either of the others .* 

Therefore, in the light of our present knowledge of the preferences of this 
pest, gardeners cannot expect to save acrop of cabbages or cauliflowers by 
growing radishes between the rows. Thus, while this suggestion of the use 
of trap crops to combat this pest promises but little of practical value at 
present, it should receive further investigation, for it would be interesting, 
to know at least the preferences of the insect, if it has any. 


(2d) Substances Applied to the Soil. 


Under this head come those substances which gardeners use, primarily to 
increase the fertility of the soil, but which some have thought also acted as 
preventives of the attacks of the maggot. 


Lime. 


This substance has doubtless been used to prevent the attacks of this pest 
for half acentury. Almost everyone who has written of the insect during 
the past 40 years, has recommended lime as a preventive. And yet, the first 
reference we have found of its use (a Maryland correspondent to the ‘‘ Coun- 
try Gentleman ’’ for 1857, p.47) gives negative results. In many accounts 
of the use of the substance, itis not clear whether it prevents the ‘‘Club- 
root ’’ or itssupposed cause, the maggot ; thus this evidence is not of much 
value. This is especially true of the many accounts of its use by Peter 
Henderson. In fact, we have failed to find a single recommendation to use 
lime as a preventive of the Cabbage Fly, which is based on careful experi- 
ments from which definite conclusions could be drawn. 

On the contrary, there are some quite definite accounts which show neg- 
ative results from its use. Mr. West (‘‘Country Gentleman ’’ for 1880, 
p-470) applied, early in the spring, lime at the rate of 15 tons per acre toa 
small bed ; this was dug in after a few weeks, and good cabbage plants then 
set. In spite of this he lost % of his crop from the maggots. Equally con- 
clusive results were obtained in 1887 by Mr. Goff at Geneva, N. Y. He 
mixed ‘‘a quantity of air-slacked lime with the soil of two rows ofa small 
plant of early cabbages at the time of setting the plants. As the season for 


*Prof. Cook and others have recommended that if radishes were grown between rows of 
onions. the latter would be practically safe from the maggot. They probably would be 
safe from the Cabbage Root Maggot, but would they from the Onion Maggot? As we have 
shown on preceding pages, these insects jare distinct species, and itis doubtful if the lat- 
ter ever attacks radishes or the former, onions. 
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the attack arrived it appeared that the plants of the plat were all suffering, 
and an examination made June 18, showed that twelve plants treated with 
the lime had sixty-six maggots, while eleven plants not treated had but 
twenty-four maggots, proving conclusively the ineffectiveness of the ap- 
plication.” 

It thus seems to us from a critical survey of all the evidence we can find, 
that gardeners can not expect to prevent the attacks of the Cabbage Fly by 
the use of lime; its use asa destructive agent is discussed further on. 


Salt. 


Mr. Will (Country Gentleman for 1879, p. 167) and Mr. Hewes (ibid. for 
1880, p. 39) claim to have had good results from the use of salt applied, in 
the hole in which the plant is to be set or on the surface around the newly 
set plant, to prevent the Cabbage Fly. Mr. West (ibid: for 1880, p. 470) used 
salt at the rate of three bushels per acre on a small bed at the time of setting 
the plants; he lost one-third of his crop. Doubtless the salt, thus applied, if 
it had any effect, would act by destroying the young maggots. Its destruc- 
tive power is discussed farther on. 

Salt and Lime.—A recommendation to mix salt and lime with the soil 
previous to sowing the seed or apply it to the surface after sowing, has found 
its way into the literature of root maggots. In 1843, Curtis quoted such a 
recommendation by a Mr. Sinclair, but it was to prevent the attacks of the 
Turnip Root Gall Weevil mentioned on a preceding page, As the separate 
use of these substances has not been attended with very favorable results as 
preventives, their combination would doubtless be no more effective. 


Barn Manures. 


So far as we know, stable manure has never been recommended as a pre- 
ventive of this pest, but as it is one of the substances frequently applied to 
the soil by farmers, and as it doubtless affects the insect in a certain way, it 
seems best to discuss itin this connection, 

When Bouché described the Cabbage Fly in 1833, he said that the avoiding 
of the use of new dung was of no avail; and this statement has been em- 
phasized by almost every writer since. In fact, many prominent writers, 
including Curtis, Miss Ormerod, Lintner, Fletcher, and Henderson, all con- 
clude that fresh manure attracts the flies and thus encourages, rather than 
prevents the attacks of the pest. This idea is well supported by several ex- 
periments recorded by gardeners. Thus, the use of fresh barn manures are 
to be avoided on crops attacked by root maggots; even where well-rotted 
manure is used the maggots seem to be more numerous. This is doubtless 
one reason why the commercial fertilizers are now largely used by gardeners. 
The probable reasons why the barn manures attract the pest are discussed on 
a preceding page under the food-plants of the insect. 


Commercial Fertilizers. 


Ashes.—In 1857, unleached ashes were used in Maryland without success 
(Country Gentleman, p. 319). Mr. Goff reported in 1885 that two years be- 
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fore in the spring, he forked in a very liberal dressing of coal ashes before 
sowing radish seed. ‘The roots produced were nearly or quite as badly in- 
fested with the maggot as others grown without an application of ashes.’’ 
Thus there is no evidence that ashes will prevent injury from maggots. 

Bone Dust—This substance has been recommended by various writers since 
Henderson recorded (‘‘ Gardening for Profit’?) an experiment which simply 
indicated that fewer plants were injured where a ton of this was used per 
acre in the spring, than where 75 tons of manure were applied. However, 
in 1864, a German experimenter found that his bed of Kohlrabi which had 
been manured with bone dust suffered more from the maggo's than the one 
on which horse dung had been used.* In 1875 (Country Gentleman, p. 
505) Mr. Philbrick said bone dust does not give the results given by Hender- 
son. Mr. West (Country Gentleman for 1880, p. 470) also used it at the rate 
ofa tou per acre, and yet lost one-third of his crop of cabbages. Thus 
the weight of evidence is against the efficacy of bone dust as a preventive. 

Cotton Seed Meal.—In 1887 (Rural New Yorker, p. 133), Mr. Hender- 
son records an experiment by Mr. Geraty of South Carolina who claimed to 
have secured entlre exemption from the maggots by the use of this substance 
as a fertilizer. We have found no further reference to it. It might be well 
to test it in localities where it can be profitably used as a fertilizer. 

Superphosphate of Lime.—In 1857,this fertilizer was reported as a successful 
preventive of the Cabbage Root Maggot (‘‘Country Gentleman” p. 49). In 1864 
the substance was used in the noted German experiment mentioned above 
in the discussion of Bone Dust ; in the bed manured with this fertilizer, no 
plants were attacked. This experiment is the source of most of the recom- 
mendations of this fertilizer. In 1877, Garfield of Michigan reported that he 
treated alternate rows of turnips and radishes with it, hoping that its vile 
smell would prevent egg-laying ; it proved a failure. If it has any preven- 
tive qualities, which we doubt, it should receive the immediate attention of 
some investigator. 


(e) Change of Location, or Rotation of Crops. 


Many writers have advised that the location of the crop be changed every 
year or two, thus keeping it out of the way of the insect. But, as Prof. Cook 
says, it would be necessary to move it at least 4 a mile away, which is not 
often practicable. When it can be done, doubtless good results will often 


* This experiment is referred to by Dr. Lintner and Miss Ormerod as having been made 
by the Zodlog-Botan. Society of Vienna, which, if true, would give it great weight. But 
the facts are that it was simply recorded in the proceedings of that society for 1864 by Mr. 
Kiinstler to whom it was reported by Baron Hohenbruck. The experiment was evidently 
ona small scale, and Mr. Kiinstler concludes as follows: ‘‘It does not occur to me to 
wish to deduce, from this single result, the value of any of the named manures in view of 
an eventual efficiency against the attacks of the insects; I present this case only to urge 
the farmers to make observations in this direction with manure experiments. . . , 
An effective and practicably applicable means of lessening this pest, no one as yet knows,” 
The species experimented upon was determined by Frauenfeld and Schiner, from the 
pupae, as Anthomyta radicum. 
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follow. However, some gardeners have found that even when the crop is 
grown on new ground, where perhaps a similar crop has never been grown, 
that the crop is sometimes badly infested. In this case, perhaps some of the 
flies from an old bed found their way to the new, but the more probable 
explanation, we believe, is to be found in our discovery that the pest breeds 
freely on at least two very common Cruciferous weeds, which would thus 
afford a source of infection. So that a sufficient change in the location of 
the crop is not often practicable, and will often prove unsuccessful if Crucif- 
erous weeds abound in the new field. 

A judicious rotation of crops can not help but discourage this pest, and 
thus gardeners may be able to grow a good crop of one or more of its food- 
plants once in perhaps two or three years. But the market wants these crops 
every year, and it will thus require considerable experience to know what 
crops can be thus successfully rotated and all be made to pay well. Of course, 
the rotating crops must be widely different botanically so as not to offer any 
chance for the insect to continue breeding in the locality, and no Cruciferous 
weeds must be allowed to grow in the neighborhood, for the insect could 
breed on these until its favorite food-crop came around in the rotation. On 
the whole, therefore, while both a sufficient change of location of the crop 
and a judicious system of rotation of different crops each year will prove 
quite effective in preventing the ravages of the pest, we fear that few garden- 
ers will find either method practicable or uniformly successful. 


2. BY APPLICATIONS TO THE ROOTS BEFORE SETTING. 


This is one of the earliest methods employed in combating these maggots, 
and is only applicable to plants of the cabbage tribe. It consists in dipping 
the roots and base of the young plants in a puddle of some fertilizing or 
insecticidal substance when the plant is being set. 


(a) Fertilizing Substances. 
Puddle of Earth and Cow Dung, or Night Soil. 


In her report for 1881, Miss Ormerod said: ~‘ Dipping the plants in a 
puddle of earth, and cow-dung, or night soil, taking care to smear the roots 
and stems well up to the leaves with the mixture, is noted as a good preven- 
tive.’”’ This has been quoted by several American writers. This puddle 
would seem to offer no obstacles to the flies, in fact, it would attract them, 
if anything, and if the pest was at all numerous it would not save the plant. 
For its only effect would be to furnish the plant quickly available food at 
the start which would push it along, and in this way enough roots might be 
produced to support several maggots and the plant also. The method would 
require considerable disagreeable labor, and we believe would have no effect 
in lessening the number of the maggots. 


Soot, and Lime and Soot. 


In 1883, one of Miss Omerod’s correspondents found that the dipping of 
the rootsina thick puddle of soot and water was quite effective. He thought 
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the soot gave the plant a bitterness which warded off the maggots. - Gardeners 
could easily try it on a few plants, but we doubt its having any preventive 
value. 

Lime and Soot.—We find a puddle of lime and soot advised in Miss Orme- 
rod’s ‘‘ Manual of Injurious Insects,’’ and by ‘‘ Horticola’’ in the ‘‘ Rural 
New Yorker’’ for 1881. Thereare no definite records of its value. The lime 
would have little or no preventive effect, and there is but little evidence in 
favor of the soot as shown above. 


(6) Insecticides. 
Oil or Lye. 


Several American writers, including Lintner, Riley, Saunders, and Fyles, 
have included in their remedies for this pest the recommendation to dip the 
roots in either oil or lye before setting. This seemed to us avery harsh 
treatment for the tender rootlets of seedlings, and we were thus led to wonder 
how the recommendation crept into the literature to be handed down to the 
present time. The two first named authors attributedit to Bouché, Turning 
to Bouché’s earlier accounts in 1833, we find, ‘following Loudon’s literal trans- 
lation of Kollar in 1840: ‘‘ Dipping the plants to be transplanted in oil or lye 
of ashes, or soaking the holes that are to receive them with these liquids, 
will often destroy the plants, and cannot therefore be reeommended.’’ How 
could a positive recommendation be evolved from that? A search through 
the literature soon revealed who evolved it. Turning to Curtis’ account of 
the insect in 1843, we find this: ‘‘It often happens that very good specifics 
which may be successfully employed in the garden cannot conveniently be 
extended to the field; such, I fear, is the following remedy proposed by 
Bouché. He says that where whole fields of cabbages have fallen a sacrifice 
to the destructive maggots, that the crops are now completely preserved by 
dipping the roots, as they are transplanted, into oil orlye of ashes.’’ It is un- 
fortunate that our American writers have depended so much on Curtis’ ac- 
count of this pest, both from a systematic and economic standpoint. 


Pyrethrum. 


In this report for 1885, Mr. Fletcher says: ‘‘In my own experience the 
most satisfactory preventive treatment has been to dip each plant bodily in- 
to a pail of pyrethrum wash (containing a little soap) at the time of planting 
out.’’ In addition to this he uses fresh gaslime around each plant to pre- 
vent eggs from being laid. It is doubtful if the pyrethrum has any prevent- 
ive effect used in this manner; whatever protection is offered, is doubtless 
due more to the gas lime. 


Paris Green and Insect Powder. 


In 1886, a Massachusetts correspondent (‘‘ Rural New Yorker,’’ p.840) 
tried to save his cabbage and cauliflower plants by dipping them before set- 
ting in a puddle of dirt and water to which a quantity of insect powder 
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(pyrethrum ?) and Paris Green was added. The plants soon dwindled and 


died from the treatment. 
Sulphur. 


A Washington State correspondent, Mr. H. A. March (“Rural New 
Yorker,’’ p.678) in 1889 records an experiment in which he saved many 
plants by dipping them in a puddle of % pound of sulphur and water. How- 
ever, no definite conclusions can be drawn from the puddling, for matters 
were complicated by the further application of 14 teaspoonful of dry sulphur 
on the soil around each plant after setting. The evidence warrants a further 
trial of sulphur either as a puddle, or applied on the surface. 


Soap and Quassia, or Carbolic Acid and Soap. 


Mr. Whitehead, of England, in his report for 1892 advises that plants be 
dipped in ‘‘solutions of soft soap and quassia,composed of 7 lbs. soap, 12 lbs. 
of quassia, to 100 gals. of water; or of 7 lbs. of soft soap and 6 or 7 qts. of 
carbolic acid.’’ No evidence is given in support of either recommendation 
and the effectiveness of the first is very doubtful, while the second would be 
liable to injure the plants. 


3. APPLICATION ON OR ABOUT THE PLANTS. 
(a) Coal Dust, or Sulphur. 


Coal Dust.—All the recommendations of this substance as a preventive are 
based on an experiment made in Russia in 1855 (Bull. d. 1. soc. imp. des 
natural, de Moscou., XXVIII). Through Taschenberg’s account of this ex- 
periment, it has clung to the literature to the present time. The experiment 
indicated that the flies avoided those plants about which coal dust has been 
scattered. But, as Taschenberg observes, it is necessary to the success of the 
experiment, that some plants be left untreated as baits to entice the flies to 
Oviposit on them ; these baits are afterwards to be destroyed with their ac- 
companying maggots. When no plants are left for baits, Taschenberg says 
the flies then accommodate themselves to the beds entirely covered with the 
coal dust. It is curious that so simple a preventive seems not to have been 
tried since this first experiment. We have but little faith in its effectiveness, 
but it should receive a trial wherever practicable. 

Sulphur.—Al\ the evidence in regard to the use of this substance as a pre- 
ventive seems to come from Mr. H. A. March, of Washington State. His 
method of using the substance has been stated above in discussing the pud- 
dling of the roots in sulphur. Mr. Crozier (‘The Cauliflower,’’ p.98) 
quotes Mr. March as follows: ‘‘The best thing I have found for the maggot 
is a poor grade of sulphur, sulphur before being purified, that smells very 
strong. Sprinkled over the plants it scems to drive the fly away.’’ The 
substance is evidently worthy of a further trial. 


(b) JLnsecticides. 


Powdered Tobacco, and Tobacco Decoction. 
In 1857 (“‘Country Gentleman,’’p. 319) E. Saunders reported that an Albany 
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gardener had saved his plants by sifting powdered tobacco on them, enough 
to lay a fine dust on the leaves, and repeating the application if it was scat- 
tered by wind or rain, It was stated that the fly would not alight upon the 
dusted plants to deposit its eggs. In 1877, Mr. Garfield, of Michigan, used 
a strong decoction of tobacco on cabbage while yet in the seed bed and after 
transplanting in the field, but it did not prevent the fly from laying her eggs. 
In 1885, Mr. Goff had no success in preventing the attacks of the maggots on 
radishes by the use of liberal dressings of finely-cut tobacco leaves. However, 
the application was made rather late, for many of the eggs may have already 
hatched and the maggots have begun work ; so the experiment is not con- 
clusive. 

In planning the preventive experiments to be tried on our plot on Long 
Island this year, it was decided to test tobacco dust; for it has the merits of 
cheapness (costing from 1 to 3 cents per pound), it is easily applied, has fer- 
tilizing qualities, and its use would thus be practicable. On April 18 the 
cabbages were set in six rows, running east and west, of about 300 plants 
each. The plot was divided into practically equal parts by a north and south 
division line. The following diagram represents the plan of the preventive 
experiments ; the treated rows being represented by the name of the preven- 
tive used on each, and the word ‘“‘untreated’’ represents the other rows: 


NORTH. 
Ist row: Tobacco Dust Paper Pads 
2nd row: untreated untreated 

& 3rd row: Paper Pads Carbolic Acid Emulsion rs 

4th row: untreated untreated | 
5th row: Carbolic Acid Emulsion Paper Pads 
6th row: Paper Pads Tobacco Dust 

SOUTH. 


Thus two whole rows were to be left untreated as checks, and tobaoco dust 
used on two widely separated half-rows. 

April 19, the day after the plants were set, we applied the dust. All the 
dust that could be grasped in one hand sufficed for three plants, choroughly 
dusting each plant and covering the ground close to the stem ; at this rate, 
7 lbs. of the dust treated about 300 plants once. April 30, a second similar 
application was made by Mr. Reeve at our request. At that time he report- 
ed that the plants were all looking healthy and showed no differences; he 
noted a good many flies about the plants. May 15, we had Mr. Reeve treat 
the west half of the first row with the dust a third time, to thus test the effect 
of two and three treatments. May~21, we examined the plot and found 
that chickens had destroyed about 25 plants on the west end of each row; 
however, this interfered but little with the general results of the preventive 
treatments Which were then quite noticeable. The maggots were then at 
their worst, and there were scarcely 50 plants in either of the untreated rows 
that had not wilted. While about % of those treated with tobacco dust had 


552 BULLETIN 78. 


succumbed, with no difference noticeable in those treated two and those 
treated three times. In August, Mr. Reeve reported that 35 heads were cut 
from the west half of the first row and 75 heads from the east half of the sixth 
row. Thus nearly half ot the plants treated with the dust produced salable 
heads ; while from the untreated rows Mr. Reeve reported only 90 heads from 
nearly 600 plants set. 

Plants can be treated once with this tobacco dust at a cost of not over one 
cent for ten plants, and the experiment indicates that it affords some protec- 
tion, but there were other untreated plants to act as baits. And an examina- 
tion May 21 of many of the treated plants that were apparently healthy, 
showed that several maggots were at work on many of them. Therefore, we 
are not sufficiently convinced of its effectiveness to feel warranted in advis- 
ing its general use as a preventive against the maggots. 


Carbolic Acid, diluted, emulsified, or combined with Plaster. 


Carbolic Acid, diluted.—In 1886, Mr. Goff reported the following results 
with this substance: ‘‘On May 2, we applied this solution at the rate of 3 
grammes of the acid, to 5 gallons of water, to the soil about the roots of a row 
of radishes in the garden. On May 11, we renewed the application, doub- 
ling the amount of the acid. May 18, we repeated it, using 8 grammes of the 
acid to 5 gallons of water, following with the last named solution on May 23. 
No benefit resulted from these applications that we were able to detect. It is 
possible that the plants would have borne a still stronger solution, which 
might have been efficacious.” We believe it would have been effective if 
used stronger, but it is our experience that it is just as effective, perhaps 
more so, and not so liable to injure the plants if applied in the form of an 
emulsion. 

Carbolic Acid Emulsion.—This preventive was first suggested by Prof. 
Cook in 1881. He then made an emulsion by dissolving 2 qts. of soft soap 
in 2 gals. of water, and then adding I pint of crude carbolic acid, thoroughly 
agitating the mixture which soon formed a stable emulsion. ‘To every pint 
of this standard emulsion he used 50 pints of water to dilute it before apply- 
ing ; thus the acid was used on the plants at the rate of a pint to about 125 
gals. of water. He got excellent results by sprinkling the radish plants as 
soon as they were up, and thereafter every week or ten days. In 1886, Prof. 
Cook again experimented with thisemulsion, but made it with 1 lb. soap, I 
gal. water, and 4 gal. crude carbolic acid; diluted with 75 parts of water. 
The acid was thus used at the rate of about 1 pint to 28 gallons of water, or 
over 4 times as strong as he used it in 1881. This was applied to cabbages, a 
tablespoonful to each plant, at intervals of from 4 to 7 days for 3 weeks, with 
the result that only 5 out of 21 treated plants were injured by the maggots, 
while 16 out of 24 untreated ones were attacked; the plants were uninjured. 
He also used the same strength of emulsion on radishes, a teaspoonful to 
each plant, with the result that 5 out of 18 treated plants were found infested, 
while 22 out of 32 untreated ones were badly injured; all of the plants, how- 
ever, were injured by the liquid. Prof. Cook seems not to have tried the 
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emulsion again. Had he made it according to his first formula and used it 
more freely, we believe he would have had greater success in 1886. 

For, this is the experience of others who have tried the emulsion. During 
the summer of 1887, Mr. Fletcher used Prof. Cook’s first formula, diluting it 
50 times, on radishes. He began 2 days after the seed was sown and treated 
the bed, using an ordinary sprinkler, once a week until the radishes were fit 
for the table. He grew radishes in this way all summer free from attack, 
with no injury to the tenderest foliage nor was any offensive taste given to 
the vegetable. 

This emulsion was selected as one of the preventives to be used on the 
cabbages in our experiment on Long Island. Our emulsion was made by 
dissolving 1 lb. of soap in % gal. of water and emuisifying this with 1 pint 
of crude carbolic acid. Each cupful of this was diluted with 50 cupfuls of 
water before applying; thus about 38 gallons of the dilution would contain 1 
pint of the acid, or the emulsion was used about 3 times as strong as Prof. 
Cook first used it. Our experiment was planned as described in the diagram 
on page 551. Two half rows were treated with the emulsion, or about 300 
plants in all. About % teacupful of the dilution was poured in a solid 
stream from an ordinary sprinkler around the base of each plant. The first 
application was made April 19, the day after the plants were set. A second 
application was made by Mr. Reeve on April 30. On May 21, when we ex- 
amined the plants, the maggots had done their worst, and in the untreated rows 
there were scarcely 50 plants yet standing in either row. While about 3 of 
those treated with the emulsion were in good condition and but few of them 
had any maggots at the roots. In August, Mr. Reeve reported that he had 
cut go heads from the west half of the fifth row and 85 heads from the east 
half of the third row; while from the un'reated rows he got only 90 heads 
from the 600 plants set. Thus the results were quite encouraging. 

However, we doubt ifthe emulsion applied early in the season, acts to prevent 
the flies from laying their eggs. Our experiments, recorded on page 529, 
indicate that it is a powerful killing agent, and there is yet no definite evi- 
dence that smells of any kind will keep the fliesaway. The discussion of the 
emulsion as a killing agent on page 529 should be read in connection with 
this account. 

Carbolic Acid and Plaster.—In 1888, Prof. Cook mixed the crude acid 
with plaster (1 pint to 100 pounds of plaster), and applied it around the stem 
of cabbage plants. ‘‘None of the cabbages were attacked, but the slaking 
or setting of the plaster about the plants was a serious injury to some of the 
plants.’’ Therefore, he could not advise its use for this purpose. 


B. DESTRUCTIVE. 
. I. DESTRUCTION OF THE MAGGOTs. 


(a) By Destroying Infested Plants. 


In 1833, Bouché concluded that the only way to diminish this destructive 
fly is to pull up and destroy the infected plants with their accompanying 
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maggots. Many later writers have included this method among their rem- 
edies for the pest. Of course, there can be no question of its effectiveness in 
checking the insect, but every plant thus destroyed represents considerable 
labor to the gardener, besides the reduction it makes in the profits when the 
crop matures. We believe there is no occasion for the practice of the method. 
The maggots may be killed in several ways, as has been shown, without 
injury to the plant. 


(6) By the Application of Direct or Indirect Fertilizers. 


Ammonial Liquor. 


This refuse liquor from gas works was used by one of Miss Ormerod’s cor- 
respondents in England in 1881. It was diluted with about twice the quantity 
of water, and one pint of the dilution was applied around the stems of each 
plant, Three or four such doses saved only the plants that were not too far 
gone when the treatment was first applied. We doubt if the liquor would 
kill the maggots ; it would probably simply encourage or stimulate the pene 
to send out enough roots to support itself and the maggots also. 


Soot. 


Last year, at the Pennsylvania Experiment Station, soot was sprinkled 
about some cabbages which were found infected by the maggots. It seemed 
to save a few plants. No definite opinion can be formed from this single 
experiment. Wherever soot is plentiful, its destructive powers should be 


further tested. 
Ashes. 


In 1861, Mr. Gregory advised that ashes be used around the plants to 
destroy the maggots. Mr. G. H. Howard, in 1888, said that a small handful 
of wood ashes put down around each stem is a sure remedy if applied in 
time, that is, before the maggots have destroyed the bark and roots of the 
plants. However, Prof. Cook, in 1886, used unleached ashes against the 
maggots with no success. When sprinkled on the foliage the plants were 
seriously injured. Last year, Washburn in Oregon, had fairly good results, 
but the ashes had to be applied frequently. Possibly enough ashes could be 
applied to the maggots to kill them, but the amount that could be safely 
applied to the plants doubtless acts simply as a fertilizer thus enabling the 
plant to make roots enough for itself and the maggots. Mr. Howard evi- 
dently implied this when he stipulates that the bark and roots must be intact 
or the ashes are not effective. Thus, we do not believe ashes can be relied 
upon to destroy the maggots. 

Nitrate of Soda. 


In 1881, a correspondent reported to Miss Ormerod that an application of 
a solution of this substance ‘saved only a few plants. Mr. Fleteher reported 
in 1887 an experiment by one of his correspondents which indicated that the 
substance might act remedially. In 1891, Prof. J. B. Smith recorded his 
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belief that this fertilizer would do much to control the injury from the mag- 
gots, but it should never be applied close to the plants, but broadcasted. 

Thus there is no experimental evidence from which can be drawn definite 
conclusions in regard to the action of this fertilizer on the maggots. How- 
ever, as Mr. Whitehead said in 1892, it has been found valuable, for if it fails. 
to act remedially, it at least stimulates the plant's growth and thus helps it 
along out of the way of the maggots. Asa killing agent against the maggots, 
we believe it has no value unless used so strong as to kill the plant also. 


Muriate or Sulphate of Potash. 


In 1887, the editor of ‘‘ The Rural New Yorker’’ suggested that Mr. Hen- 
derson try the muriate on the maggots. In 1888, Mr. G. H. Howard advised: 
that to cach plant be applied a gill of a solution made by putting one spoon- 
ful of the muriate in a quart of water. However, he made the same proviso 
as to itseffectiveness as mentioned above in discussing ashes. In a pamphlet 
on the “‘ Cauliflower,’’ Mr. Brill says (as quoted from Crozier on ‘‘ The Cauli- 
flower’’) that the muriate is a remedy for the maggots. He dissolved 1 
tablespoonful in a gallon of water and applied one gill of this to the roots of 
each plant, repeating the application as occasion required. He well says: 
‘‘Care and judgment must be used not to overdo the matter, thereby killing 
the plant as well as the maggots. Experiment a little at first.’ Mr. Brill 
wrote us in August as follows: ‘‘ While my experiments with the Muriate 
of Potash to kill the root maggot was in the first instance a success, yet it 
does not always have the desired effect. I presume much depends upon the 
conditions of the worms and the plant when applied.” Thus there is noth- 
ing definite in the evidence either for or against the effectiveness of the 
. muriate onthe maggots. We have no faithin the killing or preventive prop- 
erties of either the muriate or the sulphate of potash unless used so strong 
as to injure the plant also. 

Kainit. 

This fertilizer was first used against the root maggots at least 7 or 8 years. 
ago. One of its first advocates was Mr. Brill; his pamphlet on the ‘‘ Cauli- 
flower ’’ is doubtless the source of the few recommendations which the sub- 
stance received until within about 4 years. In 1890, Prof. J. B. Smith had 
his attention turned to kainit as a possible insecticide, and he performed the 
following experiment with it on the pest under discussion: ‘‘A number of 
cabbage maggots placed on the soil (in a tin can) impregnated with the solu- 
tion, died within 12 hours.’’ (These were very unnatural conditions.) No 
further experiments seem to haye since been carried on with this substance 
against the Cabbage Root Maggot. 


Last year Prof. Smith had some of his correspondents experiment with 
kainit on the Onion Maggot (An. Rept. for 1893. p. 441). Hesays: ‘The 
entire fields were gone over, row by row, and all plants that showed signs of 
infection were taken out bodily and afterwards destroyed. Then heavy 
dressings of kainit were applied, with the result that no further traces of 
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these maggots were seen at any time later in the season.’’ This year he re- 
ports similar results from a similar use of kainit in the same locality (Jwsect 
Life, vii, 196). It is to be regretted that Prof. Smith could not have made 
these experiments more conclusive by his personal supervision. The de- 
struction of all of the plants that showed any signs of infection de/ore the 
kainit was applied, prevents very definite conclusions from being drawn as 
to the destructiveness of the kainit. In his report for 1893, p. 441, Prof. 
Smith mentions that some experiments were made on a fly larva which was 
at first mistaken for the Onion Maggot. He writes us that ‘‘this Ortalid 
larva was remarkably resistant to almost anything that I could use, except 
the kerosene’’; recently (/usect Life, vi. p. 96) he intimated that kainit was 
one of the substances used on these maggots which were found in diseased 
onions and which are so closely allied to the Onion Maggot as to have been 
mistaken for it. 

It is also worthy of note in this connection that in one of the first references 
we find to the use of kainit against this pest (Aural New Yorker for 1887, p. 
238), a Georgian contributor says it must be put on in time to kill the eggs, 
for it will have no effect on the maggots after they hatch. From the above 
evidence, we do not feel warranted in recommending that gardeners may 
expect to kill the root maggots by an application of kainit that would not atthe 
same time kill the plant. 

We are supported in this opinion by the following experiments, conducted 
on maggots brought here from Long Island. Several thrifty cabbage plants 
were potted out, and on May 23 some of the soil was removed from around 
the base of the plants and 100 maggots, none of them over 74 grown, were 
placed close to the base and covered with earth. They were left undisturbed 
until the next day when it was found they had established themselves on the 
plants. May 24, the soil was removed until at least 25 of the maggots were 
laid bare. Then 4 ounces of a solution of kainit (14 lb. to a gallon of water) 
was poured around the stem ; in one case 20 of the maggots floated about in 
the solution for overa minute, Another similar cage with roo small maggots 
was started May 25, and thesame amount of kainit applied on the 26th. 
One of the cages was examined May 25, and the notes say: ‘‘ No indications 
that even the smallest maggots have been killed.’’ By June 6, when all of 
the cages were carefully examined, most of the maggois had changed to 
pupae. In the cage where the maggots were mentioned as floating in the 
kainit solution, 83 live pupae were found; in the other two treated cages 
there were 50 and 63 live pupae, respectively. An examination of two check 
cages started at the same time in a similar manner with 100 small maggots, 
but not treated with kainit, revealed 95 live pupae in one and 71 in the other. 
If the kainit used at the rate of 1% lb. to 1 gallon of water is not more effec- 
tive on the maggots under these somewhat confined conditions than these 
results show, one surely could not advise gardeners to use it with the expec- 
tation of killing the maggots. 

Totest astronger solution, we started two similar cages of 100 small mag- 
gots on May 24. May 25, 4 ounces of a solution of the kainit (1 lb. to 1 gal.) 
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was poured into a cavity about the base of the plant as in the experiments 
above ; in one cage nearly % of the maggots were near the surface and thus 
got a thorough soaking, In 2or 3 daysa superficial examination showed 
that a few maggots had been killed, and many had not, but both plants were 
considerably injured by the solution. To further test the effect of this strong 
solution on the plant, it was applied to plants having no maggots on their 
roots. June 6all of the cages were carefully examined. Sixty-four live 
pupae, many of them recently formed, were found in one and 50 in the other 
cage. The plants were all badly injured by the solution. The same check 
cages were used as in the preceding experiments. 

We do not offer these experiments as conclusive evidence that kainit will 
not always killthe Cabbage Root Maggot. But the resultsdoshow that it will 
not always kill the majority of the maggots even when used strong enough 
to badly injure the plants. Thus, from the evidence submitted, we cannot 
escape the general conclusion that it would be well to first definitely settle, 
by careful experiments, whether kainit will kill a majority of the maggots 
when used in practicable amounts, before we recommend it to gardeners for 
this purpose.* 

Salt. 

The first record we find of the use of salt as a destructive agent against 
root maggots is in 1877, when Mr. Garfield of Michigan partially removed 
the soil from the roots of infested cabbages, then salt was thrown in and 
covered up; ‘‘it soon dissolved, but to no purpose.’’ In 1881,Miss Ormerod 
reports that a solution of salt saved but a few plants. A solution of salt at 
the rate of 4 oz. to one gallon was tested by Mr. Goff in 1889; ‘‘ it produced 
no visible effect.’’ Mr. Fletcher recently reported conflicting results from 
its use against the maggots, 


* Although we do thus doubt the insecticidal qualities of kainit when used against the 
root maggots in practicable quantities, we do not wish to discourage its use by gardeners 
for fertilizing purposes. And yet, as Mr. Wright Rives, of Washington, D.C., hasso terse- 
ly expressed it ina recent letter to us, “‘I want potash, not salt; therefore I do not use 
kainit.’’ In some cases these commercial fertilizers may furnish to the plants, just at the 
right time, the food needed to enable them to outgrow the injury caused by the insect. 
But, the insect still remains a constant menace to the gardener. Mr. Fletcher showed in 
1890 that ‘‘the power of the cabbage plant to survive and outgrow injury is very remarka- 
ble, Several plants of which the roots and nearly all the underground stems had been 
destroyed, were washed and trimmed, and then planted and watered, and the earth 
kept well hoed up around them. Every one of these grew and produced a head. In years 
ofonly light attack it is not at all uncommon to find when cabbages are pulled up,that they 
had been supported by roots which were produced some distance above the root-mass, 
which had been destroyed early in the season by the cabbage maggot."’ There are several 
accounts of the use of commercial fertilizers on plants infested with the root maggots, but 
with no claim of having saved thecrop by the maggots having been thus destroyed. As 
Peter Henderson expressed it when he used guano and lime: Strong roots were made 
above the wounds, and thus the crops were saved ; it would have failed to be effective if 
the ravages of the maggots had been far advanced. We have discussed the insecticidal 
value of commercial fertilizersat some length in answer to several correspondents in the 
“Rural New Yorker’’ for March 24, 1894, p.184. Prof. J. B. Smith stated his views on 
the same subject in a note in the same paper for April 28, 1894. 
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This spring we potted out a thrifty cabbage plant, and May 25, 1oo small 
maggots were introduced around the base of the plant. The nextday when 
the maggots had become established on the root, 4 oz. of a solution of salt (1 . 
pound to one gallon of water) was poured in an excavation around the base 
of the plant. This treatment resulted in the death of most of the maggots 
and the plant also; it was thus more effectual than the kainit of the same 
strength. Thus all the evidence is against the use of salt to destroy the 
maggots, unless it is desirable to destroy the plants at the same time. 

Dry Lime or Lime Water. 

Lime in a dry condition has been extensively used as a preventive against 
the maggots, but the literature contains only a few references of its use as a 
killing agent. In her report for 1881, Miss Ormerod says caustic. lime was 
not very effective as it could not easily reaeh the roots. In 1888, the “‘Rural 
New Yorker’”’ reported that plants treated with air-slaked lime to kill the 
maggots suffered more than those untreated. Last year Butz and Baldwin in 
Pennsylvania, and Washburn in Oregon used the dry lime with partial suc- 
cess. It is thus very doubtful if the lime used dry will destroy any of the 
maggots. 

Lime Water.—The source of nearly all the recommendations for the use 
of lime water to destroy the maggots is a report by Miss Ormerod in 1881 
from one of her correspondents who soaked the lime 48 hours and then appli- 
ed it with apparent good results. We doubt if lime in any form will either 
prevent or kill the maggots. 


(c) By the use of Insecticidal Substances. 
London Purple or Paris Green. 


London Purple.—Prof. Cook experimented with this in 1887, Several 
applications were made about the roots of early cabbage, beginning soon after 
the plants were set and continuing until after the flies had stopped egg- 
laying. ‘‘At this time an examination of the plants showed them to be 
nearly as badly infested with maggots as were the untreated rows.” 

Paris Green.—In 1886, Prof. Cook reported that Paris Green was used at a 
strength of 1 pound to 4o gallons of water for the maggots. ‘‘It neither in- 
jured the plants nor the insects.” In 1890, Mr. Fletcher treated a dozen 
plants with it (1 lb. to 100 gals.); its application noticeably checked the 
growth of the cabbage, and it failed to kill the maggots. 


Pyrethrum. 
In 1886 and 1887 Prof. Cook tested this substance thoroughly, both as a 
powder and as a decoction in water, but without any effect whatever, 


Tobacco Water. 


In the ‘‘Country Gentleman’’ for 1859, p. 27, we find the first recommend- 
ation of this tobacco decoction to kill the maggots; it had been tried asa 
preventive several years before. The first experiment we find recorded is by 
Prof. Cook in 1887. He faithfully used a strong decoction ‘‘about radish 
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plants for the destruction of the maggot, but all to no effect.’’ This year Mr. 
Washburn has reported fairly good success from its usein Oregon. The evi- 
dence is not sufficient to recommend it as a destructive agent against the 
root maggots. 
Kerosene. 
In 1887, Mr. Goff used this substance on the maggots at work on cabbages. 
It proved fatal to both the plants and the insects. 


Paraffin Oil. 


This substance was mixed with water and used by some of Miss Ormerod’s 
correspondents in England in 188r. It had but little, if any, effect on the 
maggots, 

Soap Combinations. 

Soap Suds.—In 1875, a correspondent to the ‘‘Country Gentleman”’ 
claimed to have killed the maggots by applying 4% pint of a solution of 1 
part soap to 12 parts of water; three applications were made during the 
season. In 1881, a correspondent reported to Miss Ormerod that drenching 
his cauliflower plants with strong soap suds had no effect on the ravages of 
the maggots. Prof. Cook, in 1887, also applied strong soap suds faithfully, 
3 times per week on radishes and cabbages, with no apparent effect on the 
maggots. 

Whale Oil Soap.—Prof. Cook also used this in his experiment in 1887, 
without success. 

Whale Oil Soap and Sulphur.—This was recommended by Prof. Cook in 
1883, but no one seemed to have tested it. It would doubtless be ineffective. 

Soap Suds and Gas Water.—This was recommended by Mr, Major in 1829 
in his ‘“Treatise on Insects,’’ but it was to be used to make the plants offen- 
sive to the Turnip Gall Weevil and not forthe Cabbage Root Maggot, on 
which it would doubtless have but little effect. 


Boiling Water. 


As Dr. Walsh states (Prac. Ent., 1, 20), this method seems to have been 
first used by a Dr. Drew (who published it in the ‘‘New York Tribune’’ sey- 
eral years previous to 1865) on the Onion Maggot. In 1870, Dr. Riley 
recommended it for the radish maggot. In 1874, Prof. Cook says: ‘‘I have 
tried this with some, though not satisfactory success.’’ Mr. Garfield reported 
in 1877 that he ‘‘poured boiling water upon the roots, and when the maggots 
were not too deep in the ground this was effective, but on the whole was not 
considered a successful remedy.’’ Doubtless very hot water would kill the 
maggots could they be hit by it; but the soil would soon reduce the tempera- 
ture of the water below the killing point, so its use would not be practicable. 


Saltpetre (Nitrate of Potash). 


In 1885, Dr. Lintner suggested that this substance be tested on the root 
maggots. Two years later, at Dr. Lintner’s request, Mr. Goff thoroughly 
tested it. His experiment is so conclusive that we quote itin full: ‘‘On the 
first indication that the cabbage plants were infested, which was on May 31 
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a solution of saltpetre, at the rate of 1 lb. to 2 gals. of water, was applied to 
alternate rows of a plat of cabbage plants. The application, which was re- 
peated on June 4, 10, and 16, was made by pouring one or two gills of the 
solution around the stem of each plant, from a sprinkling pot, from which 
the rose wasremoved On June 18, an examination was made of all the 
plants in 4 rows of the plat, 55 in number, with the following results: 
Twenty-nine treate1 plants were attacked by 124 maggots. Twenty-six not 
treated were attacked by 25 maggots. One of the treated rows was on the 
outside of the plat, and these outside rows and the ends of the inside rows 
were more infested than the others. The greater number of maggots found 
in the treated rows is to be ascribed to this fact, and not to an. assumption 
that the nitrate of potash attracted the fly. The last application was made 
but 2 days before the examination, but many live larve, that had apparently 
just hatched, were found in the treated rows, thus showing that the solution 
was harmless to the insects. As an additional test, a cabbage plant badly in- 
fested with maggots was placed in a flower pot, and treated repeatedly with 
a saturated solution of the salt, but no effect upon the insects was obserya- 
ble.’’? In 1888, the editor of “‘The Rural New Yorker,’’ p. 149, also reported 
no success from the use of this substance against the maggots. 


Corrosive Sublimate. 


An editorial in 1864 (‘‘Country Gentlemen, p. 65) states that a contempor- 


ary recommends I oz. of this substance dissolved in 4 gals. of water to destroy. 


the root maggots. A correspondent to a Canadian journal (‘“‘American 
Cultivator’ for April 3», 1881) says all of the London market gardeners 
secretly use a solution of 4 oz. of this substance in 4 gals. of water for these 
maggots. He had used the solution quite extensively, using enough to 
saturate the ground. But it is not clear from the account whether it is appli- 
ed as a preventive or whether it kills the maggots. We have but little faith 
in its effectiveness, but it should be further tested. Remember it is a viru- 
lent poison and great care must be used in handling it. 


Epsom Salts (Sulphate of Magnesium. ) 


In 1881, one of Miss Ormerod’s correspondents reported fair success in de- 
stroying the maggots with a solution of this well-known cathartic. It might 
be well to test it on a small scale. 


Liver of Sulphur (Sulphide of Potassium.) 


In 1887,a correspondent ( ‘‘ Rural New Yorker,’’ pp. 43t and 626) reported 
in detail some experiments by which he claimed to have killed maggots on 
his cauliflowers by pouring a large teaspoonful of a solution on this substance 
(1 oz. to3 qts. of water at 100 degrees) on the soil around the stalk; 24 
hours later the maggots were apparently dead, but his account of the appear- 


ance of his ‘‘ dead ’’ maggots strongly impresses one that he saw only pupa- - 


ria or the empty shells from which the flies had emerged. 
The next year, at Dr. Lintner’s suggestion, Mr. Goff carefully tested the 
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substance as follows: ‘‘An ounce of it was dissolved in a gallon of water 
at a temperature of about 109°F., and when cold, 2 teaspoonfuls of the solu- 
tion were poured about the stem of each plant. The first application was 
made May 5, which was before the plants had manifested any injury from the 
maggot. Atthis strength. the plants appeared to suffer somewhat, hence 
the latter applications, made May 21, and June 5, were reduced to ¥ of an 
ounce to the gallon, and about a gill of the liquid was poured about each 
plant. On June 6 examination showed that the plants were suffering from 
many live maggots, and there were no indications that the treatment had 
caused any diminution in the number’’ The substance has decided fungici- 
dal properties, but the evidence thus far will not warrant its use by gardeners 
in fighting the root maggots. 


Tansy, or Burdock Decoction. 

Several years ago acontributor to the ‘‘ New Eugland Homestead ’’ stated 
that the following decoction was a ‘‘dead shot for the maggot:’’ ‘‘ Take 
green burdock leaves and stalks, run them througha hay-cutter, put them in 
a kettle or tub, and mash them with an old ax or mall, adding water and 
pounding themto a pulp. Let-it stand over night. Have the decoction 
strong, and when you see the first signs of the maggot, use it. Apply it 
with a sprinkler by pouring it along the rows. I seldom have to apply it the 
second time.’’ Dr. Lintner adds that ‘‘astrong decoction of tansy, where it 
is abundant, would probably be about as serviceable as the burdock.’’ These 
recommendations seem to have received no further notice. We doubt if they 
can be depended on to destroy the maggots, but they should at least receive 
a thorough trial. 

Mercury and Pulverized Earth. 

The combination had been recommended in California for the Grape Phy]l- 
loxera ; and so Mr. Goff, in 1885, put a little of the mixture about cabbage 
plants infested with maggots. It ‘‘ seemed to have a beneficial influence, 
but was not an entire success.’’ Some dead maggots were found, but there 
were others alive, in immediate contact with the mixture. 


McDougall’s Sheep Dip. 

In 1888, Mr. Goff diluted this substance with 5 parts of water and tested 
it on cabbage to kill the maggots. The insects were not injured but the 
plants were ki led. 

Zoektin Poison. 

Mr. Goff tested this in 1888, using 1 oz. to 5 gals. of water. It proved 

fatal to both the cabbage plants and the insects. 


Naphthaline. 


In 1890, Prof. J. B. Smith reported an experiment by one of his corres- 
pondents with this substance. In its crude form it injured the plants severe- 
ly, even more than did the purified form, It killed the maggots. Prehaps 
the substance will prove of value if applied in the soil with the McGowen 
Injector. 
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with poor figures. Coal dust recommended. 

1867. Fitch, Eleventh Report, p. 40-43. Good general account of the pest 
with excellent desc. of the larva and pupa. 

1867. Glover, An. Rept., p. 73. Reference to Fitch’s account. 

1869. Fitch, Illus. An. Reg. of Rural Affairs, V, 96. General account. 

Riley, First Missouri Rept., p. 156. Brief mention. 
Riley, Am. Entomologist, II., 79. Mentioned. 
Packard, Guide to Insects, p. 411. Brief mention. 

1870. Walsh, Am. Ent., II., 137. Mentioned. 

Sprague, Am. Ent., II., 302. Original account of the discovery of the 
Staphylinid parasite. 
Glover, An Rept., p. 66. Refers tc the Staphylinid parasite. 

1871. Kunstler, Die Kulturpf., schad. Insek. (herausg. von der k. k. zool.- 
bot. Gesellschaft), p. 38. Brief account, with remedies. 

1872. Riley, Fourth Missouri Rept., p. 22 and 35. Mentioned. 

Quinn, Money in the Garden, p.93. Believes the insect causes Club Root. 
Recommends lime. 


*As Bouché’s, brassicae has always been referred to this genus, it will be unnecessary to 
repeat this generic name for each author cited. 
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1874. Glover, Manuscript Notes on Diptera, p. 2. References. 

Le Baron, Fourth Rept., p. 67. Staphylinid parasite mentioned. 

Kaltenbach, Pflanzenfeinde, p. 34. Brief. 

Cook, Rept. Mich. Board of Agr., p. 119. Mention. 

1877. Riley, Ninth Missouri Rept., p. 95. Mentioned ; says that doubtless 
several of the species affecting onion, radish, etc., constitute but one 
species. 

1878. Osten Sacken, Cat. of Diptera of N. Amer., p. 167. References. 

Riley, Rept. of U. S. Entomologist, p. 208. Mentioned. 

1880. Taschenberg, Prak. Insek.-kunde, part IV, p. 128. Similar to his 
account published in 1865. 

Barnard, Am. Ent., III, 199. Note on predaceous habit of Staphylinid 
beetle. 

Cook, Am. Ent., III., 263. First published account of his experiments 
with Carbon Bisulphide. 

1881. Schmidt-Gébel, Die Schad. Insecten des Land-u. Garthenbaues, 
part 2, p. 134. Similar to Taschenberg’s account ; the male and female 
are fairly well represented by colored figures 

1882. Lintner, Can. Ent., XIV., 96-97. Mentioned. (Same article in 
Thirteenth An. Rept. Ent. Soc. Ont., p. 29.) 

Lintner, First Report, pp. 47, 171, 184-191, 192, 193. Very good general 
account of the habits, life history, and enemies of the insect, with dis- 
cussion of remedies. 

Ormerod, Rept. for 1881, p. 8-1o. General account with discussion of 
remedies. 

1883. Ormerod, Rept. for 1882, p. ro. Mention. 

Cooke, Inj. Insects, p. 321. Brief. 

1884. Riley, Rept. of U. S. Entomologist, p. 319-321. Good general account 
of the past history, habits, and enemies of the pest, with a discussion of 
the remedies recommended. Best figures of the larva, pupa, and adult 
before published. 

Ormerod, Rept. for 1883, p. 10-17. Quotes Taschenberg on life history, 
and discusses remedies. 

Lintner, Count. Gent. LXIX., p. 677. Mentioned. 

1885. Lintner, Second Rept., p. 28. Mentioned. 

Lintner, Count. Gent., I., p. 574. Discussion of remedies. 

Saunders, Can. Ent., XVIIL., p. 236 Brief general account. 

1886. Leunis, Syn der Thierkunde, II., p. 429. Fly described. 

Goff, Fourth Rept. N. Y. State Agr. Expt. Sta., p. 221. Careful experi- 
ments with kerosene emul. and mercury. 

Fletcher, Rept. for 1885, p. 18. Extent of damage. 

Saunders, Rept. Ent. Soc. Ont. for 1585, p. 5. Brief. 

Cook, Rept. Mich. Bd. Agr., p. 39. Expts. with carbolic acid emulsion. 

1887. Lintner, Thirty-ninth An. Rept. N. Y. Mus. Nat. Hist., p. 123 (also 
in his Fifth Rept. p. 265). Reports attack on cauliflowers. 
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Lintner, New Eng. Homestead, XXI., p. 136. Very good discussion of 
the remedies that have been recommended. 

Coryell, Pop. Gardening, II., p. 106. Brief account. 

Cook, Rept. Mich. Bd. Agr., p. 42. Expts. with various insecticides. 
Account of mite eating the eggs of the pest. 

Cook, ibid. p. 449-450. Details of his expts. to show that the radish, cab- 
bage, and onion maggots are the same species or else varieties of the 
same. Remedies discussed. 

1888. Goff, Sixth Rept. N. Y. State Agr. Expt. Station, p. 96-97. Careful 
experiments with lime and saltpetre. 

Gillette, Can. Ent., XX., p. 133. Mite feeding on the eggs. 

Fletcher, Rept. for 1887, p. 22. Brief account with discussion of reme- 
dies. 

Cook, Bulletin 39 of Mich. Expt. Station (alsoin Rept. Mich. Bd. of Agr. 
for 1888, p. 225), p. 10. Expt. with carbolic acid and plaster, and other 
remedies discussed, 

Hulst, Bulletin 46 of the N. J. Expt. Station, p. 7, Brief account; carbon 
bisulphide advised. 

Hulst, Bulletin 50, N. J. Expt. Station, p. 12-13. Life history brief. 
Kerosene emulsion recommended; carbon bisulphide injured roots. 
1889. Goff, Seventh Rept. N. Y. State Agr. Expt. Station, p. 147. Careful 

expts. with several insecticides. 

Lintner, Fifth Rept., p. 158-159. Very good discussion of preventives. 

Zimmer Bros., Insect Life, I., 15. Successful with kerosene emulsion. 

Cockerell, Insect Life, II., 146. Reported as injuring turnips in Colorado. 

1890. Ormercd, Manual of Inj. Insects, p. 25. Life history, brief; with full 
discussion of remedies. 
1891. Coquillett, Insect Life, III., 318. Mention of A/eochara parasite. 

Fletcher, Rept. for 1890, p. 161-165. The best account of the habits, life 
history, and enemies of the pest, including a discussiou of remedies, that 
I have seen. 

Fletcher, Bulletin II., Ottawa Expt. Station, p. 26. Brief account. 

Fyles, Rept. Ent. Soc. Ont., XXI., p. 44. Mentioned. Ibid., p. 45. Brief 
account. ; 

Weed, C. M., Insects and Insecticides, p. 188-190. Good general account, 
with remedies. 

Crozier, The Cauliflower, p. 96. Life history, brief (from Lintner), with 
discussion of remedies. 

1892. Weed, H E., Bulletin 21, Mississippi Agr. Expt. Station, p. 15, Life 
history, brief. Recommends hellebore and kerosene emulsion. 

Goff, Eighth An. Rept. Wisconsin Agr. Expt. Station, p. 169-173. Life 
history, brief. Detailed account of the origin and use of his tarred paper 
pad preventive. 

1893 Lintner, Proc. Western N. Y. Hort. Soc., p. 38 (also in his Ninth 
Rept., p. 431). Reference to Goff’s pad.preventive. 
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Whitehead, Rept. for 1892, p. 18-19- Life history, brief; with discussion 
of remedies. Poor colored figures of adult, pupa, and larva. 

Riley and Howard, Insect Life,V. 293. Review of Whitehead’s Rept. 

Ormerod, Rept. for 1892, p. 146. Brief account, with discussior of 
remedies. 

Alwood, Bulletin 24, Virginia Expt. Station, p. 12. Brief account; ad- 
vises rotation of crops, and the use of kerosene emulsion. 

Evans, Handbook of Expt. Station Work, p. 47. Brief account, with 
remedies. 

Bethune, Rept. Ont. Ent. Soc. for 1892, p. 9. Brief account. 

1894. Sempers, Injurious Insects, p. 136. Abstract of C. M. Weed’s 
account. 

Butz and Baldwin, Rept. Pennsylvania Expt. Station for 1893, p. 130. 
Expt. with Slacked lime and Soot. 

Smith, Rept. N. J. Expt. Station for 1893, p. 534. Mentioned, with 
Riley’s figures of the larva, pupa, and adult ; and an original figure of 
the mouth parts of the larva. 

Goff, Tenth Rept. Agr. Expt. Station of Wisconsin, p. 259-261. Records 
successful expt. with tarred paper pads. 


floccosa Macquart. 


1835. Macquart, Hist. Nat. des Insectes. Dipteres, II, 326. Original des- 
cription. Chortophila. 

1878. Meade, Ent. Mo. Mag., XIV, p. 250. Records finding a specimen in 
a Coll. of Anthomyiide received from Cambridge Museum. Chortophiia. 

1881. Hagen, Can. Ent., XIII., 49. Records Mead’s note on specimen 
found in the Cambridge Collection. Chortophitla. 

Inchbald, The Entomologist, XIV., 290. Bred the insect from young 
Savoys. Chortophila. 

1882. Lintner, Can. Ent., XIV., 96. Records the insect as a Beet Leaf-miner. 
Chortophila. (Same article in Rept. Ont. Ent. Soc. for 1882.) 

Lintner, First Rept., p. 207-208. Description of the insect as a Leaf-miner 
of Beets. Phorbia. 

1883. Verrall, Ent. Mo. May., XIX., 224. Records it from the Island of 
Arran ; and places vidlipes Zett. asasynonym. Chortophila. 

Meade, Ent. Mo. Mag., XIX., 214. Detailed descriptions. Phorbia. 

1888. Stein, Entomoligsche Nachrichten, XIV., 370. Records the species 
as common throughout the summer in Saxony ; and says it is synon- 
ymous with florals Fall. Chortophila. 

1892. Stein, Ent. Nachrichten, XVIII., 324 and 326. From an examination 
of type specimens in the ‘‘Fallen-Zetterstedt Collection’’ the author con- 
cludes that Aricia villipes Zett.=C. floccosa Mcq. ; and that floralis Fall. 
is distinct from /loccosa Mcq. The author is familiar with foccosa, and 
points out the difference between the two species ; he records the capture 
of three specimens of /fora/is in August of that year. 
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1893. Meade, Ent. Mo. Mag., XXIX., 219. Comments on Stein’s paper, 
and accepts villipes Zett.=/loccosa ; but says nothing of Stein’s separation 
of floccosa from floralis Fall. 


Phorbia floralis Fallén. 
of Meigen, Zetterstedt, Schiner, and others.* 


1826. Meigen, Syst. Besch. Insek., V., 165. Description of adults. 

1834. Bouché, Natur. der Insek., bes. als Larv. u. Pup., p. 77. Larva and 
pupa described. 

1845. Zetterstedt, Dipt. Scand., IV., 1536, 147. Description. 

1853. Walker, Insect. Brittan., Diptera, II., 142. Describes it as common 
in England. 

1862. Schiner, Fauna Austriaca, I., 646. Description from a Zetterstedt 
type specimen. 

1872. Weyenbergh, Tijd. voor Ent. Nederl. Ent. Ver. Leiden, 2d ser., 
VIII., p. 131. Descriptions of the different stages, with habits and life 
history as a Radish pest. One plate of fairly good figures. 

1880. Taschenberg, Prak. Insektenkunde, part IV., p. 132. Describes 
adults, and compiles Bouché’s descriptions of the larva and pupa. 
(Bouché, however, does not say: ‘‘ Also stark schwarz gekornelt’’). 

1882. Lintner, First Rept., p. 207. Mentioned. 

1883. Meade, Ent. Mo. Mag., XIX., p. 214. Mentioned. 


villipes Zetterstedt, 


1883. Ormerod, Rept. for 1882, p. 10. Brief account. 

1884. Ormerod, Rept. for 1883, p. 10-17. Brief account of life history, with 
general discussion of remedies. 

1890. Ormerod, Man. of Inj. Insects, p. 25. Brief account. 

1893. Ormerod Rept. for 1892, p. 146. Brief account. 

1845. Zetterstedt, Dipt. Scand., IV., 1456, 67. Original description. 

1862. Schiner, Fauna Austriaca, I., 650. Quotes Zetterstedt. 

1883. Verrall, Ent. Mo. Mag., XIX., 224. Places villipes as a synonym. 

1892. Stein, Ent. Nachr., XVIII., 324. Synonym. 

1893. Meade, Ent. Mo Mag., XXIX., 219. Mentioned. 


*In 1883, Meade had but little doubt that foccosa Macq was the same as the ™. floralis 
of Fallén, Meigen, Zetterstedt, Schiner, and others ; and (nothwithstanding Stein’s separ- 
ation of the species ba-ed upon an examination of Fallén’s type) August 31, 1894, he writes 
me that he thinks that the foralzs of Fallén, Meigen, and Zetterstedt is the same as floc- 
cosa Macq. I believe the foralis of the authors mentioned above and others, except Fal 
lén, is the sameas drassicae Bouché ; therefore such references are here given a place in 
the synonomy. Fallén described his foralis in 1824 (Monog. musc. Sueciae, part VIL., p. 
71, No. 76. In Hagen’s Bib. Ent. the date of this part is given as 1824, but Schiner quotes 
1820). Meigen’s description antedates Bouché’s brassicae by 7 years; but, as Stein has 
shown, florals is now occupied in the same genus by florals Fallén, thus the rules of no- 
menclature require us to accept Bouché’s name, even though Meigen described the same 
insect under another name several years before. Macquart’s foralis seems to be different 
All the autors refer the species to genus Anthomyza. 
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Anthomyia radicum Linnaeus. 
of Curtis and others. 


1843. Curtis, Jour. Roy. Agr. Soc. of Eng., I1V., 127-131. Same as in 
‘Farm Insects,’’ below. 

1860. Curtis, Farm Insects, p. 141. Brief account, including description of 
adult and larva, with figure of adult; Mr. Meade writes me recently that 
this is a very good figure of P. floccosa. Thesame figure is used by most 
of the following authors; all use the generic name Anthomyia. 

1867. Fitch, Eleventh Rept, p. 40. Is unable to distinguish between this 
species and brassicae. 
1875. Packard, Rept. U. S. Geol. Surv., p. 762. Credits the species to 
Bouché, with Harris’ raphani as a synonym. Brief account with rem- 

edies. 

1880 Saunders, Can. Ent., XII., 212. Bred from young cabbage. (Also 
in Rept. Ont. Ent. Soc. for 1880, p. 10). 

1882. Lintner, First Rept., pp. 171, 184, 186, 191-194, 196, 198. Good gen- 
eral account, mostly from Curtis and Fitch, with Curtis’ figure. 

1885. Goff, Third Rept. N.Y. State Agr. Expt. Station, p. 316. Experiments 
with Carbon Bisulphide on radishes. 

1891. Fletcher, Bulletin 11, Ottawa Expt. Station, p. 29. Brief with 
remedies. 

Fyles, Rept. Ent. Soc. Ont., for 1890, p. 44. Brief account as turnip pest. 


vaphani Harris. 


1835. Harris, Cat. of Animals and Plants of Mass., p. 80. Name, but no 
description. Is always referred to the genus Anthomyra. 

1841. Harris, Insects Inj. to Veg., p. 494. Brief account. (In Flint Edition 
of 1862, p. 616.) 

1858. Osten Sacken, Cat. of Diptera of N. Am., p. 74. Mentioned. 

1867. Fitch, Eleventh Rept., p. 59-61. Very good account with careful 
descriptions. Says it appears to be identical with radicum (which he 
fails to separate from 4rassice on p. 41.) 

Glover, Rept. for 1867, p. 73 Reference to Fitch’s account. 
1869. Fitch, Illus. An. Reg. of Affairs, v. 96. 
Packard, Guide to Insects, p. 411. Brief. 
1870. Trimble, Am. Ent., Il.. 273. Notes on habits and life history. 
Riley, Am. Ent., III., 284. Recommends hot water. 
1872. Glover, An. Rept., p. 134. Mention. 
Quinn, Money in the Garden, p. 218. Brief account. 

1874. Glover, Man. Noteson Diptera, p. 3. Reference. 

Cook, Rept Mich. Bd. Agr., p. 121 Life history, brief; with remedies. 

1877. Riley, Ninth Missouri Rept., p. 95. Mentioned. 

1878. Osten Sacken, Cat. of N. Am. Diptera, p. 168. References. 

1881. Cook, Can. Ent., XIII., p. 198. Carbolic acid as preventive. (Also 
in Rept. Mich. Hort. Soc. for 1881, p. 213, and in Rept. Ont. Ent. Soc. 
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for 1881, p. 26. Paper was first read before the Am. As. Adv. Sci. at 
Cincinnati, O.) 
1883. Reed, Rept. Ent. Soc. Ont. for 1882, p. 53. Mentioned. 
Cooke, Inj. Insects, p. 328. Brief account. 
1884. Lintner, Count. Gent., LXIX., p.677. Mentioned. 
1885. Goff, Third An. Rept. N. Y. State Agr. Expt. Station, p. 196, Careful 
experiments against. 

Lintner, Second Rept., p. 28. Mentioned. 

1886. Goff, Fourth An. Rept. N. Y. State Agr. Expt. Station, p. 222. 
Experiments with carbolic acid. 

Fletcher, Rept. for 1885, p. 15. Life history, brief, with good discussion 
of remedies. 

Cook, Rept. Mich. Bd. Agr., p. 38 and 39. Experiments with kerosene 
and carbolic acid emulsions. 

1887. Cook, Rept. Mich. Bd. Agr., p. 42. Negative experiments with sey- 
eral insecticides. 

Cook, ibid. p. 449-450. Details of experiments to show that the onion, 
cabbage, and radish maggots are the same species or varieties ; and con- 
clusions regarding remedies. 

1888. Gillette, Can. Ent., XX., 133. Parasite. 

Fletcher, Rept. for 1887, p. 23. Brief account, with good discussion of 
remedies. 

Hulst, Bulletin 50, N. J. Expt. Station, p.12. Mentioned. 

1891. Fyles, Rept. Ont. Ent. Soc. for 1890, p. 454. Good account of habits. 


In the following references the scientific name of the insect is not mention- 
ed; the pest is designated by one of its common names, this depending 
upon the plant attacked, as the Cabbage, the Cauliflower,the Turnip, or 
the Radish Fly or Maggot. 


1846. Kirby and Spence, Int. to Ent., p.140. Infesting Cauliflowers. 
1857. Saunders, Edgar., Count. Gent., p. 319. Recommends tobacco dust. 
Cabbage Fly. 
““T.”’, ibid. p.47. Success with Superphosphate of Lime; negative results 
with other substances. Cabbage Fly. 
1858. Editorial in Count. Gent., p. 26. Thinks Clump-rooted cabbage caus- 
ed by fly. Radish and Turnip maggots mentioned. 
Henderson, ibid., p.159. Thinks ‘‘Club-foot ’’ caused by fly, and advises 
lime. 
1859. Count. Gent., p.127. Says tobacco water kills. Cabbage Maggot. 
1861. Gregory, Count. Gent., p. 319. Advises lime for Cabbage Maggot. 
1864. Count Gent., p.224. Turn the chickens into the patch for the Cabbage 
Fly. 
Editorial in Count. Gent., p. 65. Says a contemporary recommends corro- 
sive sublimate for Cabbage and Cauliflower Maggots ; should first be well 
tried. 


, 
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1869. Riley, First Missouri Rept., p.156. Radish Maggot mentioned. 

1872. Brill, Farm Gardening and Seed Growing, p.20-21. Maggots as the 
cause of ‘‘Club-root ’’ in Cabbages, Cauliflowers, etc. Believes the Cab- 
bage and Radish Maggots are the same. 

1875. “J. H. G.’’, Count. Gent., p.392. Asks for a remedy for Cabbage 
Maggots. - 

‘“W. F. P.’’, ibid p.454. Kills Cabbage Grub with soap and water. 

Editorial in ibid. p.488. Quotes Henderson that ‘‘ Club-foot’’ is caused by 
an insect. 

Philbrick, ibid., p.505. Says it is not generally believed that ‘‘ Club-foot ”’ 
is caused by an insect, also that bone dust does not prevent; says rotate 
crops. 

1877. ‘‘W. H. J.’’, Count. Gent., p.236. Nearly two acres of cabbage de- 
stroyed by maggot; ruta bagas along side also attacked. 

Garfield, Chas. W., Rept. Mich. Bd. Agr., p.61. Careful expts. with insec- 
ticides for Cabbage, Radish, and Turnip Maggots. 

1879. Talcott, Cuunt. Gent., p85. Lost his whole turnip crop in 1878 and 
inquires for a preventive of the Turnip Fly. 

““W. H. J.’’, ibid., p.151. In answerto Talcott, says the Cabbage Maggot 
has conquered them. 

“C.D. A.’’, ibid, p.167. Says Mr. Will used salt successfully. 

Philbrick, ibid., p.183. Says the Maggots have nothing to do with the 
‘*Club-foot ’? Mentions Tillinghast’s theory in regard to the life history 
of themaggot. Only remedy is to destroy the eggs by rubbing the 
stems. : 

Tillinghast, ibid., p.774. Discusses the theory of ‘‘ Club-foot.’’ 

Henderson, ibid., p.807. Strongly advises lime, and reiterates his belief 
that the ‘‘ Club-foot’’ is caused by the maggot. 

1880. Philbrick, Count. Gent., p.23. Has found maggots in great abun- 
dance where there was no ‘‘ Club-foot.”’ 

Hewes, ibid., p.39. Says salt prevents ‘‘ Club-foot ’’ as the maggot cannot 
live in it. 

Tillinghast, ibid., p.438. Says that no one has disproved his theory that 
the maggots are the larvae of the Striped Flea Beetle. 

West, ibid., p 470. Thinks ‘‘Club-foot’’ due to maggot. Negative expt. 
with salt, lime, and bone dust. Answers Tillinghast by breeding the 
perfect insect—a fly. 

1881. Cook, Proc. A. A. A. S. for 1880, p. 669-670. First account of use of 
Carbon Bisulphide against the Cabbage Maggots. 

“KE. L. C.,”? Am. Cultivator, for April 30 Says that soot is good, and 
strongly recommends Corrosive Sublimate. Cabbage and Cauliflower 
Maggot. 

‘‘Horticola,’’ Rur. N. Yorker, p. 465. Recommends puddling in lime and 
soot for Cabbage Maggot. ; 

1883. Barnard, Proc. Biol. Soc. Wash., Dec., 1883. (Account in Psyche, 
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IV., pp. 134, 143., describes his ‘‘Nether-inserter’’ and its use against 
various insects, the Cabbage Maggot included. 

1884. Cook, Rept. Mich. Hort. Soc., p. 204. Soap and kerosene for An- 
thomyiians, with instrument for applying the liquid. 

1885. Lintner, Second Rept., p. 35. Reference to Barnard’s ‘“Nether- 
inserter’ for Cabbage Maggot. 

Fletcher, Rept. for 1884, p. 6. Reports Cabbage Root-fly very injurious. 

1886 Fletcher, Rept. for 1885, p.6. Cabbage Maggot reported in Ontario 
and Vane. Island. 

Fletcher, ibid., p. 15. Habits of a Turnip Maggot, Anthomyia sp. 

Cook, Rept. Mich. Bd. Agr., p. 38. Experiments with kerosene emulsion 
against the Radish Maggot. 

Cook, ibid., p. 41. Experiments against the Cabbage and Radish Maggots 
with several insecticides. 

Cook, Rept. Mich. Hort. Soc , p. 523. Says kerosene emulsion and carbon 
bisulphide will surely kill. Gas lime also effectual. How to use the 
two former. Art. by Henderson quoted from Rural N. Yorker, in which 
he says lime and guano are only effective on the carly stages of the 
Maggots. Radish and Cabbage Maggots. 

“C, E. P.,”’ Rur. N. Yorker, p. 254. Recommends concentrated fertili- 
zer in hill. Cabbage Maggot. 

Rur. N. Yorker, p. 338. Answer to ‘‘M. M. L.’’ Advises lime and any 
concentrated fertilizer. Cabbage Maggot. 

Ibid., p. 643. Answer to ‘‘W. J. P.,’’ advises sandy soil for Radish Maggots, 

“7, H.,’’ Rur. N. Yorker, p. 840. In trying to kill Cabbage and Cauli- 
flower Maggots by puddling plants in Insect Powder and Paris Green, 
the plants were killed. 

1887. Henderson, Gardening for Profit, p. 319. Says the insect is the cause 
of ‘‘Club-foot.”’ Expt. with manure and bone dust. Curious theory 
of the life history of the Cabbage Maggot. 

Henderson, Rur. N. Yorker, p 133 General account of Cabbage Maggot, 
with an expt. with guano and cotton seed meal fertilizers 

“N. W.S..’’ Rur. N. Yorker, p. 238. Advises Henderson to use Kainit, 
but says it will not affect the maggot after it has hatched. 

Perkins, Rur. N. Yorker, p. 431 Tells how he kills Cauliflower Maggots 
with Liver of Sulphur. 

“H. A. M.,’’ Rur. N. Yorker, p. 530. Says Cook’s emulsion cost him 
2000 cauliflower plants. Now hires women to haul the eggs and young 
larvee into the middle of the rows where they perish. 

Hoskins, Rur. N. Yorker, p 542. Recommends lime for Cabbage 
Maggot. 

Perkins, ibid., p. 626. Again details his expts. with Liver of Sulphur. 

Henderson, ibid., p 578. Says he feels certain that ‘‘nothing will kill the 
Cauliflower maggot, which will not at the same time kill the plant.’ 
Says ‘“‘H. A. M.’s’”’ plan was adopted by them several years before, and 
it is the only thing that will save the crop. 
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Goff, ibid., p. 135. Advises sandy soil to prevent Radish Fly. 

Rur. N. Yorker, p. 154. In answer to ‘J.J. C.,’’ advises Kainit to des- 
troy Cabbage Maggots. 

1888. Rur. N. Yorker, p. 149. Negative results with lime and nitrate of 
potash against Cabbage Maggots. 

Goff, Sixth Rept. N. Y. State Agr. Expt. Station, p. 96. Negative result 
with lime for Cabbage Maggot. 

Cook, Rept. Bd. Agr., p. 43. Saved radishes by a protection ; has further 
proof that Onion, Cabbage, and Radish Maggots are identical. Radishes 
as trap crop. 

Cook, Bulletin, 39, Mich. Expt. Station, p. to. (Also in Rept. Bd. Agr., 
p. 225.) More convinced that Cabbage, Radish, and Onion Maggots are 
the same. Advises radishes as trap crop. 

Howard, G. H., in Burpee’s How to Grow Cabbage and Cauliflower, p. 47. 
Says muriate of potash and wood ashes are sure remedies. 

Fletcher, Rept. Ont. Ent. Soc. for 1887, p. 14. Carbolic acid and gas lime 
for root maggots of Radish and Cabbage. 

Fernald-Maynard, Rept. Mass. Bd. Agr. for 1887, p. 94. Brief. 

1889. Lintner, Count. Gent., p. 440. Discussion of remedies for Cabbage 
Maggot on Cauliflower. 

Dunning, Pop. Gardening 1V., 24. Expt. with liquid manure and lime for 
Cabbage Maggot. 

Riley and Howard, Insect Life, II., 86. Ref. to Dunning’s expt. 

Rur, N. Yorker, p. 495. Ref. to Dunning’s expt. 

“H. A. M.,’? Rur. N. Yorker, p. 678. Expt. with Sulphur. 

Fletcher, Rept. for 1888, p. 68. Mention of Cabbage Authomyian. 

18go. Greiner, How to Make a Garden Pay, p. 98. Considers the Cabbage, 
Radish, Turnip, and Onion Maggots the same insect. Radishes pre- 
ferred. Remedies discussed. 

Smith, Bulletin 75, N. J. Agr. Expt. Station, p. 12. Expt. with kainit 
against Cabbage Maggot. P. 20, expt. with naphthaline against Radish 
Maggot. P. 26, expt. with kerosene emulsion on Radish Maggots. 
P. 29, expt. with Hellebore for maggots. 

1891. Riley and Howard, Insect Life, III., 247. Hellebore for Cabbage 
Root-maggot. 

Fletcher, Insect Life, IV., 13. Late planting for Cabbage Maggot. 

Schwarz and Fletcher, Insect Life, IV., 27. Discussion of the parasitic 
habits of A/eochara, which Fletcher bred from Cabbage Maggot. 

Smith, Bulletin 85, N. J. Expt. Station, p. 8. Discussion of merits of 
tobacco, kainft and nitrate of soda for Radish and Cabbage maggots. 

Weed, Insects and Insecticides, p. 188. Radish Maggot mentioned. 

Crozier, The Cauliflower, p. 96. Radish maggot mentioned. 

1892. Rawson, Suc. in Mark. Gardening, p. 228. Radish Maggot prefers 
radishes to cabbage, cauliflower, or onions. Advises lime, and says 
kainit or muriate of potash kills eggs and maggots by contact. 

Barnhardt, Insect Life, V., 136. Expt. with carbon bisulphide for 
Cabbage maggot. 


572 BULLETIN 78. 


Forbes, Insect Life, V., 74. Cabbage Maggot mentioned. 

Smith, Insect Life, V., 94. Mention of Cabbage and Cauliflower Root- 
maggots. 

Fletcher, Insect Life, V., 124. Hellebore and kerosene emulsion success- 
ful in gardens, but not in field, for Cabbage, Radish, and Turnip 
Maggots. 

Weed, H. E., Bulletin 21, Miss. Agr. Expt. Station, p. 15. Radish 
Maggot mentioned. 

1893. Lintner, Ninth Rept., p. 418. Kainit for Cabbage Maggot. 

Fletcher, Rept. for 1892, p. 145. Similar to acconnt in 1892, above. 

Smith, Rept. N. J. Expt. Station for 1892, p. 391. Recommends hellebore 
for Cabbage and Cauliflower Root-maggots. 

Smith, Insect Life, VI., 96. Reference to Fletcher’s use of hellebore for 
Cabbage Maggot. 

1894. Fletcher, Rept. for 1893, p. 19. Cabbage Maggots mentioned. (Also 
in Rept. Ont. Ent Soc. for 1893, p. Io.) 

Washburn, Bulletin 31, Oregon Expt. Station, p. 82. Expt. with lime, 
ashes, and tobacco water on Radish and Turnip Anthomyiians. 

Notes on the above Synonomy and Bibliography.—Although containing 
over 230 references, the Bibliography is incomplete. The pest is so well 
known, so widely distributed, and so destructive that it has attracted much 
attention for more than 50 years; and in consequence it has been often dis- 
cussed in our economic entomological literature and in Agricultural periodi- 
cals. I have had access to nearly all of the strictly entomological publica- 
tions of the United States, but I have seen only a few complete files of agri- 
cultural publications (the Country Gentleman is the only weekly general 
farm paper among these). The reports in these periodicals are often valua- 
ble, as they usually give the results of experiments with various substances ; 
thus it is to be regretted that this part of the bibliography could not be made 
more complete. It is also incomplete in respect to foreign publications as 
only those are included to which I have had access. I believe, however, the 
bibliography contains nearly all of the more important articles on this pest 
in the world’s literature. 

Economic writers on the pest have heretofore paid little or no attention to the 
systematic phase of thesubject. Nearly every economic writer, whether Euro- 
pean or American, has used, scarcely without question, the name drassice, 
given to the insect by Bouché in 1833; while Schiner is the only Dipterolo- 
gist, so far as I know, who has expressed any opinion on Bouché’s species. 
However, the flies, which I bred in large numbers from Cabbage Maggots, 
were determined by Mr. Meade as Phorbia floccosa Macq. Coupled with 
this fact, I soon found that all the specimens of Cabbage, Cauliflower, Radish, 
or Turnip Maggots or Flies to which I could get access through entomologi- 
cal friends,* belonged to this same species—/loccosa. These facts at once 


*Messrs. G. C. Davis, J. Fletcher, L.O. Howard, and Dr. Lintner have kindly sent me 
their material in this line for study. This has enabled me to settle many disputes and un- 
solved questions. 
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caused me to wonder if all these years this common pest has been discussed 
under the wrong name. After a laborious critical study of all accessible des- 
criptions and accounts of the insect, with my specimens always at hand, I 
have reached the conclusion that the Cabbage Maggot should be called 
Phorbia brassice Bouché. 

Realizing the responsibility incurred by the wide divergence from the 
opinions of systematists which my synonomy represents, I deem it necessary 
to offer a detailed explanation of the facts from which I reached my conclu- 
sions. For 50 years past, so far as I can discover, every economic writer, 
whether American or European, has called the Cabbage Maggot Anthomyia 
brassice Bouché. But I have found only two or three references to Bouché’s 
species in the systematic literature of the Anthomyiians. Westwood, Osten 
Sacken, and Leunis apparently accepted drassice Bouché without question ; 
but Schiner thought it probably identical with ru/ficeps Meigen. Later 
Dipterologists seem to have overlooked the species entirely.* Naturally the 
question arose: What is duthomyia brassice Bouché. 

Mr. Meade answers the question for me in a recent letter as follows: 
‘“There is no doubt that the true Cabbage Fly is the Phorbia floccosa of 
Macquart, but this species has been confounded with Azthomyia radicum 
Linn. . . . I have no doubt that Bouché confounded P. floccosa and A. 
radicum together. . . . . Iamconvinced that Bouché, Curtis, Zetters- 
tedt, and others did not know the difference between these two species and 
confounded them together.’’ The question is answered by Mr. Stein in a 
recent letter to me, thus: ‘‘I believe that Phorbia floccosa Macq., Rond., 
Mde. and A. brassicae Bouché are synonymous. The first name has the 
priority.’’ I had reached the conclusions represented in my synonomy be- 
fore receiving either of the above answers ; and after a careful review of the 
whole subject, I still adhere to the same opinions. 

I believe with Mr. Stein that floccosa Macq. and brassice Bouché are 
synonymous; but Macquart’s description did not appear until 1835,* while 
Bouché had twice described his drassice before this. His first description in 
1833 is brief, but the next year it was given in detail and both accounts are 
accompanied by accurate descriptions of the larva and puparium. Bouché’s 
brassice thus has the priority over ffoccosa Macq. 

I believe with Mr, Meade that ffoccosa Macq. has been confounded with 
radicum Linn. by some authors, as my synonomy shows. , But I do not think 
that Bouché confounded them. It is true that Bouch ‘escribes only the 
larva and puparium of radicum, but he makes these entirely distinct from his 
brassic@, thus indicating that he knew radicum Linn. All European authors 


*There is an older Anthomyia brassice described by Wiedemann several years before 
Bouché published his description. However, Wiedemann’s species was soon placed in the 
synonomy of A. rvadicum Linn. by Meigen seven years before Bouché wrote; and this 
synonomy has been accepted by Schiner and Meade. 

*I have examined his earlier work on the ‘‘Insectes Dipteres du Nord de la France 
(1826-1834) and find no reference to floccosa:; andallth references to floccosa I have seen 
refer to his later work (1835) for the original description 
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seem to have accepted Bouché’s descriptions of the early stages of radicum,, 
for their accounts are but compilations from Bouché. I think a careful 
comparison of Bouché’s descriptions of the adults of his 6rassice with speci- 
mens of floccosa Macq. will convince any fair critic that he had Macquart’s 
species, and not vadicum Linn., before him. I believe Bouché saw the char- 
acteristic tuft of hairs on the hind femora. for he says: ‘‘Schenkel aussen 
vielborstig ;’? no similar expression occurs in his descriptions of any other 
Anthomyiian. A further strong argument for the validity of Bouché’s 
species is to be found in the accurate detailed descriptions of the larva and 
puparium. These descriptions of the early stages of the pest are the models 
from which nearly all of the later accounts have been taken ; the careful des- 
criptions of Dr. Fitch are the only notable exceptions of original work. 
Westwood has testified to Bouché’s capabilities and abilities for observation 
(Gard. Mag. for 1837, p. 243.) Furthermore, I think but few authors have 
confounded radicum Linn. and floccosa Macq. A study of the descriptions 
of radicum, brassice, and floccosa in the works of Meigen, Bouché, Macquart, 
Walker, and Schiner shows that in every case the abdomen of the male 
insect of radicum is described as sub-elliptical (Mr. Meade says: ‘‘short, 
wide, somewhat pointed’’). While all the descriptions of either floccosa or™ 
brassice agree that the male abdomen is sub-cylindrical, ‘‘streifenformig,’’ 
or long and narrow. Macquart puts radicum and his floccosa in different 
groups on this difference in the shape of the abdomen. I have not seen 
Zetterstedt’s work. In 1867, Dr. Fitch pointed out that the slight difference 
indicated by Curtis between Jvassice Bouché and the species supposed by 
Curtis to be vadicum Linn. were hardly more than accidental and not of suffi- 
cient value to indicate a specific difference between the insects. In a recent 
letter Mr. Meade incloses Curtis’ figure of radicum with the remark that ‘‘it 
gives avery good figure of P. floccosa.’’ I have never seen a specimen of 
radicum Linn., and the only authentic record that the species occurs in this 
country is the fact that a specimen was foundin the Cambridge Collection by 
Mr. Meade in 1878. From the above evidence, the only conclusion I can reach 
is that dvassice Bouché isa valid species, has priority over floccosa Macq., 
and is the name to be applied to the Cabbage Maggot unless some other 
name appears which antedates it. . 

In 1883, Mr. Meade stated in his description of floccosa Macq. that ‘there 
is but little doubt that this species is the same as the M/ /floralis of Fallén, 
Meigen, Zetterstedt, Schiner, and others; for the general descriptions of both 
species agree together, though none of the last-named authors mention the 
tufted femora.’’ In a recent communication to me Mr. Meade reiterates the 
same opinion. However, Mr. Meade has not yet, in print, removed the 
question mark from his reference of floralis to the synonomy of floccosa. In 
1882, Miss Ormerod had specimens of the Cabbage Maggot Fly determined 
by Mr. Meade, and she has since used the name Anthomyia floralis Fallén. 
This possible identity of these two species is a very important question, for 
floralis antedates Bouché’s bvassicae by several years. Thus, if their iden- 
tity could be shown beyond a doubt, the Cabbage Maggot would have to be 
called Phorbia floralis Fallén. 
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I do not know who first suspected the identity of floccosa and floralis. 1 
have seen no record earlier than Mr. Meade’s. In 1888, Mr. Stein recorded 
“Ch. floccosa Macq. (=/loralis Fall.) common throughout the whole sum- 
mer.’’ Four years later, however, Mr. Stein critically examined the Fallén- 
Zetterstedt Collection at Lund and has published (Ent. Nach., xviii, 326) the 
following account of a species which he found in the collection under the 
name A. floralis Fall.: ‘A floralis (147) Ich habe diese Art mit andern 
dipterologischen Freunden bisher fur identisch mit der uberall gemeinen 
Ch. floccosa Meq. Rd. gehalten und glaube auch, dass Schiner bei Beschrei- 
bung seiner A. flora/is \etztere vor sich gehabt hat; er sagt zwar in der An- 
merkung, dass er ein Zetterstedt’sches Originalstiick gehabt habe, doch ist 
dem kein Wert beizulegen, da ja Zetterstedt die Arten oft genug verwechselt 
hat. Die Fallen’sche Type von J/. floralis ist, wie mich der Augenschein 
gelehrt hat, verscheiden von Ch. floccosa, wenn sie auch die grosste Ahnlich- 
keit mitinr hat. Sie unterscheidet sich durch die Beborstung der Hinter- 
schenkel, die auf der unterseite an der Basis nicht dicht und kurtzborstig 
sind, sondern mit gleichlangen, zeimlich weitlaufig stehenden Borstenhaaren 
besetzt sind ; ausserdem ragen die Lamellen auf der Unterseite des Hinter- 
leibs nicht hervor, wie es gewOhnlich bei floccosa der Fall ist. Die Fleige 
scheint bei uns selten zu sein, ich habe sie wenigstens zum ersten Mal in 
diesem Jahre im August in 3 Exemplaren gefangen. Ubrigens steckt in der 
Sammlung unter dem Namen /ora/zs auch ein Stuck von vzflipes.’’ Mr. 
Stein writes me that he still holds the same opinion. This direct evidence 
from an examination of specimens by a Dipterologist familiar with the An- 
thomyiians, seems to me conclusive. Yet Mr. Meade, in commenting on 
Mr. Stein’s paper in 1893, does not mention this important discovery, al- 
though he accepts other synonymic notes made by Mr. Stein at the time. 
Mr. Meade’s belief in the identity of /loccosa and floralis seems to be based en- 
tirely on a comparison of descriptions. One ought not to entirely ignore the 
direct evidence of a competent observer like Mr. Stein, so I cannot escape 
the conclusion that the well-known name, dvasstcae Bouché, by which the 
Cabbage Maggot has been described the world over by economic writers, 
must be accepted, for the present at least; there is a possibility, of course, 
that later investigations may bring to light new evidence to show that 
Bouché’s drassicae is identical with florals Fall., or perhaps some still 
earlier name, in which case the rule of priority would decree that the earliest 
name be used instead of brassicae. 

There is no doubt that several authors have written of the Cabbage Mag- 
got under the name /loralis Fall., as I have indicated in the synonomy. 

In 1862, Schiner said dvassice Bouché was probably a synonym of A. 
ruficeps Meigen. Could the identity of these two species be proven, 
Bouché’s name would, fall and the Cabbage Maggot be known as Phorbia 
ruficeps Meig., as Meigen’s description appeared seven years before Bouché 
wrote. I think the facts do not warrant this conclusion of Schiner.- While 
studying Meigen’s descriptions of Anthomyiians, I was struck with the sim. 
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ilarity between the descriptions of his rw/iceps and of radicum Linn. Care- 
ful comparison showed these descriptions to be almost identical, word for 
word! The only differences between the insects, indicated by the descrip- 
tions, relates to a slight difference in the coloring of the face, the scales, 
and the halteres; the face of vadicum is said to be ‘‘ schwarzschillernd ” 
and the scales and halteres yellowish, while in ~uficeps the face is “ rostro- 
them ’’ and the scales and halteres are white (Mr. Meade describes the face 
of female ffoccosa as either red or black). The female of vuficeps was un- 
known to Meigen, and in fact the species does not seem to have been recog- 
nized since Meigen’s time; Schiner had not seen it. Thus all the evidence 
I have found leads me to believe that vu/iceps Meig. should be placed in the 
synonomy of Anthomyia radicum Linn.; at least there is scarcely a chance 
of its being identical with drassice Bouché. 


My breeding experiments, and a study of flies bred from maggots infest- 
ing radishes in different parts of the country, lead me to believe that the 
Radish Fly or Maggot of economic entomological literature is identical with 


the Cabbage Maggot. A study of the literature brings out the following 
evidence. 


European writers, following Bouché’s lead, have called the Radish Fly, 
Anthomyia floralis Fallén. While American entomologists have usually ~ 
adopted Dr. Harris’ name, Anthomyia raphani; some use radicum Linn. 
Bouché’s description of the larva and puparium of floralis Fall. agrees 
closely with his descriptions of the Cabbage Maggot, and with my speci- 
meus ; he describes it as feeding on Raphanus sativus. Taschenberg com- 
piles his descriptions of the early stages of flovalis Fall. (as the “‘ Rettich- 
fliege’’) from Bouché, introducing, however, the phrase ‘‘ist also stark 
schwarz gekornelt,’’ which is very misleading as can be seen by referring to 
the accounts of both authors. There are no specific differences between 
Taschenberg’s descriptions of the flies of florvalis and brassice. Miss Orme- 
rod has used the name Anthomyia floralis Fall., the Radish Fly, since 1882 
for the maggot doing the most damage to cabbage in England. Taschen- 
berg and Schmidt-Gobel record dvassice Bouché as attacking the various 
species of Brassica, Raphanus sativus and radiola, Turnips, and Stocks 
(Matthiola). 

In this country, Dr. Harris gave a name to a Radish Fly in 1835, but pub- 
lished no description of it until 1841. Nonc of Dr. Harris’ types are known 
to be in existence, and no one hassince definitely characterized the species as 
distinct from dvassice Bouché. In 1867, Dr. Fitch was unable to separate 
his cabbage or turnip flies or maggots from those bred from radish, yet he 
_ described them separately as drassice and raphani. It is not until 1882 that 
we again find the distinctness of vafhani seriously questioned by entomol- 
ogists. Then Dr. Lintner, in discussing raphani thought it quite probable 
that it was identical with vadicum L,inn.; Dr. Fitch had reached a similar 
conclusion in 1867, but he was not able to separate vadicum and brassicae. 
There is a single specimen in existence labelled raphani by Dr. Fitch, but 
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it is in too poor condition to identify definitely ; yet Dr. Lintner, in a foot- 
note gives a description of the wing venation which I think agrees closely 
with that of drassice Bouché. In 1887, Prof. Cook recorded some exper- 
iments which proved that the Cabbage and Radish Maggots would breed 
freely on either food-plant and were thus doubtless identical; his con- 
clusions from these experiments led him too far, however, for he came to 
believe that the maggots infesting onions (Phorbia ceparum Meig.), beans 
(Phorbia fusciceps Zett.), and raspberry canes (an Anthomyiian, possibly 
new) were either identical with or but varieties of brassice Bouché.* 
During the last few years, all Americans have been more and more 
inclined to regard the Cabbage and the Radish Maggots as identical specific- 
ally. 

I think there is much in the above evidence to support the conclusion 
that the radish and the cabbage maggots are the same insect; my breeding 
experiments and the above mentioned examination of Radish Flies from 
different parts of the country, also strongly support this conclusion.f 
Therefore, I have included all references to the Radish Fly or Maggot in 
the bibliography. MARK VERNON SLINGERLAND. 


* These determinations are made from specimens received from Prof. Davis, including 
some of the specimens bred by Prof. Cook, and from Mr. Fletcher. 


+ There are two other Anthomyiians recorded as feeding on cabbage and radish 
namely, Phorbia fusciceps Zett. and Anthomyita vradicum Linn. The former is very 
common and the latter rare in this country, where I believe, however, their attacks upon 
cabbages or radishes are exceptional. 
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Siy :-—There are two questions which the strawberry growers 
of western New York are always asking: What are the best 
varieties? How is the leaf-rust to be kept in check? I have 
endeavored to answer these questions, and I submit the attempt 
for publication under Section 87, Chapter 675, of the Laws of 
1894. 

Ll. H.. BAILEY. 
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VARIETIES AND LEAF-BLIGHT OF STRAW- 
BERRIES. 


PV RLS, 


What varieties of strawberries shall I plant? This, and sim- 
ilar questions, are always asked of the experimenter, and people 
seem to think that it is one of the simplest questions to answer. 
At all events, it is the universal impression that the experiment 
station officer, of all others, should be able to answer it definitely. 
He has the facilities and the time for making tests, and it seems, 
upon the face of it, that he should have exact knowledge of the 
merits of all novelties. Yet, there are so many difficulties and 
uncertainties pertaining to the so-called testing of varieties that 
the results often possess nothing of permanent value ; and there 
are certain reasons why the experimenter, if he derives his knowl- 
edge wholly from his own tests, is less competent to pronounce 
upon the merits of novelties than the grower himself. 

What constitutes a test of a variety? Simply this,—obtaining 
exact knowledge as to whether the variety is distinct from others 
and whether it is useful for certain places or purposes. It would 
seem to be simple enough to obtain such knowledge as this ; and 
yet it supposes that the experimenter knows all existing varie- 
ties, which no one does or can,—and that he is equally expert 
in judging the merits of any and all plants which may be brought 
to him, from strawberries to chrysanthemums and celery to 
apples. But there are other difficulties, which inhere in the 
subject itself. To test a variety for any purpose, it is necessary 
to actually grow it and use it for that purpose. The chief end of 
most varieties is for the market, but the experiment station can- 
not grow varieties for commercial market. One crate or even 
one shipment does not test the shipping qualities of a variety, for 
these qualities vary with the season, the weather, the methods of 
transportation, and with the different pickings of the same vari- 
ety ; and it is therefore impossible to give any adequate test to 
twenty or thirty or even more varieties of any one fruit, let alone 
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the many kinds of fruits and other products with which the 
experimenter is supposed to deal. It is said that one can judge 
from the looks and behavior of a variety if it will be a good ship- 
per, but I must remind my reader that this short-cut method of 
arriving at conclusions is one reason why so many disappointing 
varieties are introduced. And besides this, the variety may 
behave differently in different seasons, and in every various soil 
and treatment. The emphatic impression of this fact upon my 
mind was the only good result which came out of my first test of 
strawberries. Over forty varieties were grown, and I made the 
most conscientious attempt not only to make notes upon produc- 
tiveness and behavior, but to personally eat every kind. I ate 
across the patch north and south, east and west, backwards and 
forwards. The results of the whole test were duly published ; 
whereupon a neighbor three miles away said it might all be very 
well, but the varieties did not behave that way with him ! 

What the farmer wants to know is the value of the variety upon 
his place, not upon the experiment station farm, and he is the 
only person who can find it out. To thoroughly test a variety is 
to introduce it. When it is once introduced, the general con- 
census of opinion of men who actually grow it for the purposes 
for which it is desired, forms the best and the only criterion of its 
value. Even then, there may be farms, as every horticulturist 
knows, upon which a variety that is generally condemned may 
succeed ; and the variety is then not a failure. Now, the dis- 
covering of this concensus of opinion, and publishing it, is just 
the work which the experiment station can perform when it de- 
sires to spread information of varieties. The standard of actual 
sales in commercial plantations is the only correct one for market 
fruits and this is to be had only from farmers themselves. A 
series of tabulated reports, from growers who are capable judges 
of particular fruits, is capable of giving reliable information of 
varieties. If, in connection with such reports, the experimenter 
can add his own experience, very much will be gained ; and he 
often has the great advantage of receiving varieties before they 
are put upon the general market. And the greater use he makes 
of the reports of others, the more valuable does his own variety 
patch become as a means of study and comparison. 
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I have said this much as a general answer to many inquiries 
from New York fruit growers asking for lists of fruits which 
they should plant, and as an explanation to originators or intro- 


ducers of our attitude towards their novelties. Weare always glad 
to receive new varieties for growing in the University gardens, 
and to make a written report of their behavior from time to time, 
but we have steadily refused to publish tests of them, except when 
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monographing certain groups of plants into which they naturally 
fall; and even then we have often derived much more information 
from the commercial plantations in various parts of the state than 
we have from our own orchards and gardens. I like to think 
of New York state as one great experiment station, from 
which we should try to catch up the lessons as they pass. 

Just as the last strawberry season was closing and while the 
subject was fresh in the minds of the growers, I applied to over 
one-hundred strawberry raisers for information concerning varie- 
ties. Most of these men are rather large growers, and the list 
includes, I think, most of the leading commercial strawberry 
growers in the western part of the state. These replies are tabu- 
lated below, and they afford an accurate measure of the standing 
of the different strawberries amongst men most capable of judging 
them. More accurate conclusions could have been drawn con- 
cerning the distribution of varieties and their special adaptabilities 
if the number of respondents had been greater ; but the replies are 
sufficient, I think, to enable the person who intends to plant 
strawberries in western New York to arrive at safe conclusions 
concerning varieties. 

It is interesting to observe the great variety of soils upon which 
the respondents grow strawberries. Every type of farm soil is 
mentioned in the replies. Yet there isa very great preponderance 
in favor of the loamy and light soils. Of those growers who have 
an acre or more of berries, forty mention some variety of sand, or 
sandy or gravelly loam; while only sixteen mention clay in any 
form, and the greater number of these specify a clay loam, 
indicating that the original clay foundation has been well broken 
up by tillage and fertilizing. The aspect and comparative eleva- 
tion of strawberry land are probably more important considera- 
tions in this state than the mere character of soil, for these features 
bear a vital relation to soil moisture and to frosts. The replies of 
the commercial growers certainly indicate that a great variety of 
soils can be used with entire success in the cultivation of the 
strawberry ; but it is safe to infer that tillage and other treat- 
ments are important factors in rendering many of them utilizable, 


NoTE —The Bryant strawberry mentioned by respondent No. 47, is some- 
times known as the Wayne County Eureka, but it differs much from the true 
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Eureka, particularly in being a perfect-flowered variety. The berry is very 
firm, slightly angular, ripening just after Crescent. I have named it for L. 
J. Bryant, a skillful gardener of Newark, who writes as follows concerning 
its origin: ‘‘It is a chance seedling which came up on our grounds where 
we had an old plantation of Sharpless and Crescent ; asitshows in many ways 
the leading traits of both those varieties, we call it a cross of Crescent and 
Sharpless. It originated in 1885 and for the last five or six years we have 
planted it quite extensively on all kinds of soiis. For vigor, freedom from 
disease, productiveness, high color, firmness for shipping, and"a berry for all 
purposes, it leads anything I have found.”’ 
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The most striking feature of these replies is the various char- 
acter of them. Here are 52 varieties recommended for one or 
another purpose by 110 persons,and there are scarcely two persons 
in the list who recommended the same varieties for the various 
uses! This is conclusive evidence that a test ever so well made 
at Ithaca, would be of very little use in the various parts of the 
state ; for the grower would still need to find out which ones of 
the varieties which we might recommend would be valuable at 
his own place, and as likely as not he would find distinct merits 
in varieties which we should condemn. The replies show very 
distinctly how great are the differences in the acknowledged 
merits of varieties in different places. Take, for instance, the six 
most popular varieties of the lot—Wilson, Crescent, Parker 
Earle, Warfield, Bubach, Michel—and notice the different 
estimates placed upon them in various sections. In Oswego 
county, where a late berry is desired, Parker Earle far outranks 
all other varieties. In Monroe county, Wilson is mentioned 
seven times where the other leading sorts arementioned once, and 
Parker Earle is not mentioned atall! In Erie county, Crescent 
outranks all others. Let us see how many times these six varie- 
ties are mentioned in each of six leading strawberry counties of 
western New York: 


Erie County (9 reports)— 


Crescent, - - Mentioned 18 times. 
Parker Earle, - . ES Wodomt 
Wilson, - - a 74] kay 
Michel, - - MS Teme Fe 
Warfeld, - - 7 hoses 
Bubach, - - * Gress 
Orleans County (6 reports)— 
Wilson, . - Mentioned 8 times. 
Warfield, - - a of a ts 
Crescent, - - ot eg 
Michel, - - i Baha 
Parker Earle, - . a a 
Bubach, - - - Peg 
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Monroe County (17 reports )— 


Wilson, - - Mentioned 41 times. 
Bubach, - - _ 6 ae 
Crescent, - - a b apne 
Michel, - - * 5 ae 
Warfield, - - ay ry 
Parker Earle, - - Ke O. ere 


Wayne County (10 reports)— 


Wilson, - - . Mentioned 153005 
Warfield, - = 0 oi 
Crescent, - - a Go ye 
Michel, - . me 5a 
Bubach, - - a a 
Parker Earle, - - ge OURS 


Ontario County (11 reports)— 


Crescent, - - Mentioned 8 times 
Bubach, - - i 6 UF 
Warfield, - - S 5 ee 
Wilson, > - Ey ee 
Michel, - . te 2) ee 
Parker Earle, - - a 2 ue 
Oswego County (23 reports )— 
Parker HMarle,  - - Mentioned 34 times, 
Bubach, - - se 16a 
Wilson, - - “i 
Michel, - - os Sig 
Warfield, - - i Si is 
Crescent, - - a Gg 


Wilson is the most popular variety in three counties, Crescent 
in two, and Parker Earle in one; although it should be said that 
where there are few reports and where one variety leads the others 
by only a small majority, definite conclusions cannot be safely 
drawn. But certainly there is no escape from the conviction that 
Wilson is still the leading berry in Monroe and Wayne counties, 
as Parker Earle is in Oswego county. It is interesting to note 
that Bubach occupies the last or next to the last place in three 
instances, but rises to the second place in the three other counties ; 
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and Crescent, which is prominent in other reports, sinks to the 
last place in Oswego county. Parker Earle, which clearly leads 
in the miuds of the Oswego growers, occupies next to the last 
place in Orleans, and is not even mentioned in Monroe or Wayne. 
It is singular that Michel occupies essentially the same position in 
all the counties, but this is because it really has no close compe- 
titors amongst the early berries. 

This diversity of opinion is nowhere better shown than in the 
recommendations of berries for home use, a circumstance which 
arises from the fact that every person establishes his own standard 
of excellence. Thus, whilst there are 24 varieties named for ship- 
ping, there are 31 varieties recommended for home use,as follows : 


Best Home Berrtes. 


Bubach, 12 votes. 
Crescent, 12 votes. 
Jessie, 9 votes, 
Wilson, 9 votes. 
Sharpless, 8 votes, 
Warfield, 8 votes. 


Parker Earle, 7 votes. 


Haverland, 5 votes. 
Michel, 4 votes. 
Cumberland, 2 votes. 
Greenville, 2 votes. 
Atlantic, 1 vote. 
Belmont, 1 vote. 
Beder Wood, 1 vote. 
Burt, 1 vote. 
Eureka, 1 vote. 
Gandy, I vote. 


Gillespie, 1 vote. 

Gipsy, 1 vote. 

Jersey Queen, 1 vote. 

Timbrell, 1 vote. 

Bubach and Haverland, 1 vote. 
Bubach and Warfield, 1 vote. 
Crescent and Mt. Vernon, 1 vote. 
Crescent and Parker Earle, 1 vote. 
Cumberland and Enhance, 1 vote. 
Dayton and Wilson, 1 vote. 
Dew and Jessie, 1 vote. 
Greenville & Beder Wood,t vote. 
Haverland & Middlefield, 1 vote. 
Haverland & Parker Earle, 1 vote. 
Lovett and Miner, 1 vote. 
Princess and Cumberland,1 vote. 
Shuckless and Pineapple, 1 vote. 


Thirty-one varieties ; 1o1 votes. 


The Best Shippers. 


Wilson, 29, Scrawler, 1. 
Parker Earle, ro. Timbrell, r. 
Warfield, 8. Yale, 1. 


Burt, 5. Atlantic and Wilson, 1. 
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Atlantic, 4. Bryant and Gandy, 1. 

Crescent, 3. Burt and Haverland, 1. 

Gandy, 4. Champion and Wilson, 1. 
Haverland, 2. Crescent and Wilson, 1. 
Bubach, 1. Cumberland and Enhance, tr. 
Captain Jack, 1. Gipsy and Warfield, 1. 
Crawford, 1. Haverland, Michel & Warfield, 1, 
Giant of the West, 1. Manchester and Wilson, 1. 
Gipsy, I. Parker Earleand Edgar Queen, 1. 
TJOvett, A: Warfield or Parker Earle, 1. 
Miner, 1. 


Twenty-four varieties ; 85 replies. 


The Most Productive Varieties. 


Crescent, 24 votes. James Vick, 1 vote. 

Wilson, 15 votes. Scrawler, 1 vote. 

Warfield, 14 votes. Burt and Haverland, 1 vote. 
Haverland, 11 votes. Crescent and Burt, 1 vote. 
Parker Earle, 11 votes. Crescent and Wilson, 1 vote., 
Bubach, 7 votes. Haverland, Eclipse, Barton, and 
Sharpless, 4 votes. Beder Wood, 1 vote. 

Burt, 2 votes. Lovett, Miner and Wilson,1 vote. 
Enhance, 2 votes. Parker Earleand Bubach, 1 vote. 
Bidwell, 2 votes. ParkerEarle & Haverland,1 vote. 
Cumberland, 1 vote. Sharpless and Crescent, 1 vote. 
Eureka, 1 vote. Warfield, Crescent aud Haver- 
Greenville, 1 vote. land, 1 vote. 


Twenty varieties ; 106 votes. 


The Early and Late Berries. 


With With 
Earliest variety. persons. Latest variety. persons. 
Michel, 39 Parker Earle, 22 
Crescent, 18 Gandy, 16 
Wilson, 12 Wilson, 8 


Bubach, 6 Burt, 5 
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Beder Wood, 

Warfield, 

Bidwell, 

Jessie, 

Chas. Downing, 

Haverland, 

Hoffman, 

Lovett, 

May King, 

Mt. Vernon, 

Orange Co., 

Princess, 

Scrawler, 

Sharpless, 

Beder Wood and Haverland, 

Crescent and Michel, 

Crescent or Warfield, 

Crescent and Wilson, 

Crystal City and Michel, 

Dayton and Wilson, 

Gipsy fert. with Wilson, 

Pacific or Crescent, 

VanDeman and Michel, 
Eighteen varieties; 108 

persons. 


Ce ee ee ee ee oe os ee 
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Sharpless, 
Atlantic, 
Bubach, 
Eureka, 
Haverland, 
Jessie, 
Manchester, 
Mt. Vernon, 
Crescent, 
Jersey Queen, 
Timbrell, 
Bidwell, 
Captain Jack, 
Cumberland, 
Dew, 
Enhance, 
Miner, 
Monmouth, 
New Dominion, 
Warfield, 
Yale, 


Burt and Haverland, 
James Vick and Burt, 
Parker Earle or Timbrell, 
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Shuckless, Gandy and Man- 


chester, 


Twenty-five varieties ; 


persons. 


104 
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Best all around Strawberry. 


Wilson, 20 votes. 
Crescent, 16 votes, 
Bubach, 10 votes. 
Haverland, 10 votes. 
Warfield, 10 votes. 
Parker Earle, 7 votes. 
Atlantic, 3 votes. 
Sharpless, 2 votes. 
Jessie, 2 votes. 
Bryant, 1 vote. 
Burt, 1 vote. 
Captain Jack, 1 vote. 
Cumberland, 1 vote. 
Dew, I vote. 

Enhance, 1 vote. 

Eureka, 1 vote. 

Gipsy, I vote. 

Greenville, 1 vote. 
Princess, I vote. 
Scrawler, 1 vote. 


Burt and. 5) a t 
Haverland, j * Y°* 
Gipsy and 
Wilson, \ t vane 


Wilson and t 
Bubach, eee: 


Twenty varieties ; 94 votes. 


Taken altogether, the Wilson is evidently still the most popular 
strawberry in western New York. It is strange that, amongst all 
the new varieties, there are none which are able to supplant it. 
Its great enemy is the leaf-blight or rust, and were it not for this 
the variety would certainly far outclass all others for general mar- 
ket purposes. Jam not sure, however, that the variety which we 
now grow as the Wilson is identical with the original stock. It 
would be strangeif it were so. In hundreds of generations of 
propagations, many of the variations induced by soil and methods 
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of cultivation are likely to be perpetuated. Careful propagators 
select young plants from those portions of the plantation which 
produce what they consider to be the ideal berry, but as no two 
propagators have the same ideal berry in mind, there must arise a 
series of divergences in the type. It is certain that there are 


different strains of Wilson in cultivation, as there are different 
strains of the Crawford peach ; and it is no doubt this very diversi- 
ty in the variety which adapts it so readily to many soils and uses. 
I often wonder if the original type of the Wilson, were it to be again 
introduced, would find so much favor as its modern progeny does. 
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Crescent, I imagine, will not hold its own so long as the Wilson 
has. Michel and Parker Earle, amongst the newer kinds, have 
distinct merits, one for its earliness and the other for its lateness 
and generally desirable qualities. Sharpless is passing out,whilst 
Bubach, Haverland and Warfield are holding their own. 


II. LEAF-BLIGHT. 


Forty-two of the 110 persons are troubled with the blight or 
rust of strawberry foliage. This shows that the trouble is rather 
serious. It is not uniformly spread over the state, however. 
Most of the replies in Monroe, Ontario and Wayne counties say 
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Bubach. Warfield. 


that the rust is not prevalent. In other places, it seems to have 
almost driven out the Wilson. 

This blight is a fungus (Spherella fragarig), the life history of 
which is discussed in Bulletin XIV. of this station (December, 
1889). The spots showing fungous attack are brownish at first, 
but afterwards become dry and whitish, with a circle of red ; and 
finally the entire leaf assumes a red-spotted or red-discolored 
appearance. The blight does its worst mischief in the summer, 
after the fruit is off, by preventing growth and lessening the crop 
of the following year. The disease usually begins to attack the 
leaves before the fruit is off, however, and in some cases even 
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earlier. There ate two methods of dealing with this disease in 
this state,— discarding susceptible varieties, and plowing up the 
patch |after the first crop is off. These means are very effective 
when they are systenfatically pursued. There is a general and 
growing tendency to fruit the strawberry patch but one year, and 
there are strong reaso1s in favor of it aside from the desire to 
check the blight. 

It has been proved by Professor Garman, of Kentucky, and 
others, that this leaf-blight can be subdued by fungicides, but it 
remained to make a practical test of the operation in strawberry 
fields in this state. Mr. Walter F. Taber, of Poughkeepsie, un- 


Leaf-blight of the 
Strawberry. 


dertook experiments for us, but the sea- 
son was so excessively dry that the rust 
did not spread, and he obtained no re- 

sults. I also made atest upon the farmof A.L.Stickney, North Col- 
lins, Erie Co. ‘The berries were Crescent and Lovett, planted upon 
light sandy or gravelly soil,and the patch had given onecrop. Parts 
of the plantation were heavily sprayed on July 7, with Bordeaux 
mixture (6 lbs. sulphate copper, 4 lbs. lime, 40 gallons water). 
A prolonged drought followed, and the plantation was much neg- 
lected. A second spraying was given July 23, but the weeds were 
so numerous that the application could not be properly made. 
The disease did not spread rapidly because of the dryness. On 
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account of the drought and the weedy condition of the patch, no 
further treatment was given. Despite these disadvantages, when 
the final visit was made to the plantation October 13, it was found 
that there was nearly twice as much disease upon the untreated 
rows as upon the sprayed ones, a conclusion at which Mr. Stick- 
ney also arrived. There was some rust on the sprayed rows, 
but the spots upon the leaves were small and they had not inter- 
fered seriously with the welfare of the plants, for the rows were 
dark and vigorous in color. The unsprayed rows, however, were 
distinctly lighter in cast, and the leaves were more profusely 
spotted. Itshould be borne in mind that it had been nearly three 
months since the last spray was applied, and even then the condi- 
tions were the very worst for the success of the experiment. 

Mr. H. L. Barton, of Mexico, Oswego county, has made a 
similar experiment, his account of which follows : 

The strawberry leaf-blight first appeared with me the mid- 
dle of last June upon Phillip’s Seedling. About July, the Gilles- 
pie and Greenville were affected. About Aug. 1st I applied with 
brush-broom Bordeaux mixture (5 lbs. copper sulphate, 4 Ibs. 
lime to 4o gallons water, then reducing with water to one-half 
the strength). In some ten or twelve days the leaves assumed 
a healthier appearance, new leaves showing. Ina few days the 
blight again appeared worse than before. The Gillespie and 
Greenville were especially attacked by the disease. About the 
middle of September the mixture was again applied. Another 
application, with quicker results, was made about October 15. 
The blight was then less active and the vines were growing 
faster ; the weather was cooler and not as favorable for the de- 
velopment of the disease. It seems to thrive in warm sultry 
weather. These three varieties are the only ones affected in some 
eighty kinds in cultivation. At present date the blight is scarcely 
perceptible because of the spray, the leaves having assumed a 


dark green, healthy appearance. 
Nd lb arheve 


SUMMARY. 


' The leading variety of strawberry in western New York, for 
general cultivation, if one may judge from the replies of 110 
growers, is the Wilson. 
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The second place seems to be given to Crescent. This is fol- 
lowed closely by Bubach, Haverland, Warfield and Parker Earle. 
Each important strawberry center has its own list of favorites. 
Thus, while Wilson and Crescent are, in general, the most popu- 
lar varieties, in Oswego county the leading berries seem to be 
Parker Earle and Bubach. 

The most popular berry for earliness is Michel. Its closest 
second is Crescent, although this receives less than half the votes 
which the Michel does. 

Parker Earle and Gandy contend for popularity as late berries, 
the former being more strongly endorsed in Oswego county. All 
things considered, Parker Earle is probably our best late berry, 
which has been well tested. There are more candidates amongst 
the late sorts than amongst the early ones. 

The most productive variety is the Crescent, although the Par- 
ker Earle occupies this place in Oswego county and it is closely 
followed there by Haverland and Bubach. In general, Wilson 
and Warfield occupy second and third places for productivity. 

The best shippers are Wilson, Parker Earle and Warfield, with 
the Wilson (save in Oswego county) being far in the lead. 

There is no unanimity of opinion as to the best berry for home 
use. One hundred and one people mention 31 varieties for this 
honor. The four kinds receiving the most votes are Bubach, 
Crescent, Jessie, Wilson. 

Altogether, 52 varieties are recommended for some purpose, of 
which less than a dozen are very prominent: Wilson, Crescent, 
Bubach, Haverland, Parker Earle, Warfield, Michel, Gandy, 
Jessie. 

The blight or rust of strawberry leaves is the wor’ of a parasitic 
fungus. This disease causes the foliage to become spotted and 
red, and the plantsuffers. The chiefinjury is commonly wrought 
in summer. 

This disease is partial to some varieties, and the first step 
towards its control is to discard such susceptible kinds. 

If one sets healthy plants upon clean land, there is generally 
little trouble with the blight until the first crop is removed. It 
has come to be a common and excellent practice, therefore, to 
fruit the patch but one year. 
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The disease is also readily controlled by thorough sprayings with 
Bordeaux mixture. If the attack has been pronounced the preced- 
ing year, the first spraying should probably be given in spring be- 
forethe flowers appear. Ordinarily,the first treatment may be given 
as soon as the berries are picked, and the applications should be 
repeated two or three or more times, as occasion seems to demand. 

L. H. BAILEy. 
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Sir Quince growing is an important industry in the counties 
of Ontario, Monroe, Orleans and Niagara, and, to a less extent, 
in other parts of western New York. It is an interest which 
merits even greater attention than it receives, but there is very 
little literature upon the subject. I have therefore prepared a re- 
port upon its present condition in the Fifth Judicial Department, 
and upon certain investigations and experiments which we have 
made upon the quince. This report I submit as a bulletin in ac- 
cordance with Section 87, Chapter 675, of the laws of 1894. 


I.) Hi. BAe eve. 


(T. C. Maxwell & Bros., Geneva.) 


A aumadol Oninro Orchard 1&8 wears old.—fed. tilled. pruned and sprayed. 


THE QUINCE IN WESTERN NEW YORK. 


UINCES are more largely grown in western 
New York than elsewhere in the Union. The 
industry has grown up slowly and quietly, 
and has not attracted general attention, yet, 
in its way, it is one of the important agricul- 
tural interests of the state. Quince growing can never assume 
the proportions of other orchard industries, because of the limited 
demand for the fruit ; and for this reason, also, the most careful 
attention must be given to marketing the crop and to reducing the 
injuries from a number of insect and fungousenemies. The crop 
has much in its favor; the trees are almost sure to bear nearly 
every year if they receive good care, and they are so small that 

spraying and thinning can be practiced with ease; there are no 
climatic difficulties to be overcome, and the fruit is not perishable. 

Added to this is the sentimental interest which attaches to the 
crop, for the quince tree, both in flower and fruit, is the hand- 
somest fruit tree of temperate climates. The large flowers are 
borne upon the extremities of leafy shoots of the season, and they 
therefore appear after the leaves are grown and they clothe the 
whole exterior of the tree with a mantle of snowy whiteness at a 
time when the bloom of springtime already begins towane. The 
golden fruits are all in sight, hanging upon the ends of the twigs, 
and they are more showy than oranges. It is easy to accept the 
supposition that the quince was the golden apple of the 
Hesperides of the early Greek writers. 

The quince plantations of western New York range in size from 

a few square rods to several acres in extent; and the famous or- 

chard of T. C. Maxwell and Bros. at Geneva, comprises about 

thirty acres. In general, the larger or more important plantations 
are well cared for; and yet there are certain directions in which 
the treatment of most of them might be improved. I have given 
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particular attention to the quince interests of the Fifth Judicial 
Department during the year, and have been able to draw certain 
conclusions from the study; and to this accountI also add the 
results of three years’ observation of varieties made upon our own 
grounds, and a sketch of experiments to control the leaf-blight. 

Soils and fertilizers.—It is generally agreed, in this state, that 
the best soil for quinces is a heavy clay loam; that is, a clay soil 
which has become friable by good cultivation, fertilizing and 
draining. While the land should be well drained, it should 
nevertheless retain moisture more readily than is necessary for 
most other orchard fruits. Quinces often thrive upon light lands, 
but they are rarely as productive and long-lived as upon the 
heavier lands which I have described. According to Meech,* ‘‘in 
selecting soils, the first choice should be a strong loam, with 
enough sand in its composition to make it work easy. Ina deep, 
strong soil the trees should not be expected to come into as early 
bearing as in the sandy soil, because the greater vigor of growth 
does not soon tend to the formation of fruit buds; but when they 
do bear they make up for any lost time by the abundance and 
quality of the fruit, and greater longevity, and immunity from 
disease.’’ 

‘There has been no explicit field experimentation in this country, 
so far as I know, to discover the particular needs of the quince in 
matters of food; but the same general principles which apply to 
other tree fruits will no doubt apply to this, and these matters are 
discussed in Bulletin 72. It is now held that the controlling 
factors in orchard fertilizers should be potash and phosphoric 
acid rather than nitrogen; this last element induces growth, and 
the trees themselves may be supposed to register the needs in this 
direction. ‘Trees which are yellow and stunted need either mois- 
ture or nitrogen, or both—providing they are not attacked by in- 
sect or fungous enemies—and these can be supplied by means of 
shallow tillage and nitrogenous or fibrous fertilizers, such as barn 
manures, green catch crops, or nitrogen in commercial form. If 
the trees are very dark green, with large leaves, and are making 
heavy growth at the expense of fruitfulness, either ni'rogen or-ex- 
cessive cultivation should be withheld fora time; or the treesmay 


* Quince Culture, 34. 
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be severely headed-in, as explained farther on, although this last 
resort treats the symptoms rather than the fundamental difficulty. 
For potash, I should, in general, advise the best grade of muriate 
of potash, although wood ashes is excellent when the price is not 
too high for the quality of the material. Muriate of potash con- 
taining 50 per cent. of actual potash, may be applied at the rate 
of 200 to 300 pounds to the acre, sown broadcast and harrowed 
in. It may be applied in the fall or in earliest spring. Phos- 
phorus may be obtained in bone compounds or dissolved South 


2.—The orchard that shifts for itself,—sod, borers and leaf-blight, but no 
Quinces. 

Carolina rock, applied at the rate of 200 to 500 pounds to the acre. 
It is frequently said that common salt is an indispensable food for the 
highest production of the quince, but I am unable to find any rea- 
son for such opinion, and I do not know that any better results 
follow its application to quinces than to pears and other fruits. 
Salt is a conservator of moisture, and in this respect it may have 
especial value for quinces, inasmuch as these trees thrive best 
upon a rather moist soil. 
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The quince orchard should be kept in clean tillage. Orchards 
in sod generally give only indifferent results over a series of years, 
and they are especially liable to the ravages of borers and fungi. 
It is indisputable that the most economical means of securing and 
maintaining fertility and moisture is very frequent stirring of the 
surface soil. Fig. 2 shows an average condition of a soddy quince 
orchard during the past season; and one does not need to look 
twice to see that the harvesting of the crop does not impose serious 
difficulties ! 

The quince is a shallow rooted tree, and orchards which have 
been kept in sod cannot be plowed deeply. In many cases it is 
better to break up such orchards by thorough harrowing or culti- 
vating in spring when the sod is soft, rather than by attempting 
to plow. Mulching quince trees is often recommended, but it is 
evident that this practice cannot be applied to large orchards; 
and, at best, it isa poor substitute for tillage, unless, possibly, in 
in the case of old trees which have always been in sod and whose 
roots are very close to the surface. Borers and other difficulties 
may be expected to be more serious in mulched than in tilled or- 
chards. Since quince orchards cannot be pastured, because the 
trees are too low, it follows that the only rational treatment is 
clean culture. 

Propagation.—Upon light soils the quince is generally readily 
propagated by cuttings of the hard wood. ‘These cuttings are 
taken in the fall or winter, the same as those of currants or grapes, 
and they are cut from ro to 16 inches long. ‘They should be 
stored for a couple of months or more in moist sand, moss or 
sawdust, or buried in a sandy place beyond reach of heavy frost, 
in order that they may callus, inasmuch as this process facilitates 
their growth when they are planted in the open ground in the 
spring. In heavy lands, cuttings are not often reliable, and re- 
sort is then had to mound-layering or ‘‘stooling,’’ and to graft- 
ing on bits of apple roots, and to budding on quince stocks. 
These three methods are common in western New York. A 
“stool”’ is a plant which has been kept very low, the top being 
continually cut back, so that many suckers spring from the crown 
each year. A mound of earth about the suckers causes them to 
send out roots, so that they can be removed at the end of the first 
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or second year and they are then treated as independent plants. If 
apple roots are used, the quince cions are worked on them in the 
winter time, as in ordinary root grafting. The union with the 
apple is weak, but it is sufficient to afford support to the cion for 
a season or two, until roots strike from the quince itself. The 
plant is usually taken up the first fall and the apple root is cut 
off, otherwise troublesome apple suckers may arise. The quince 
cion should have thrown out roots by this time, and it is set in 
the nursery row again to shift for itself. Perhaps budding upon the 
quince itself is the method in most common use where propagation 
by cuttings is not practicable. The stock in this case is the Angers 
quince, which is imported from Europe and which is the same 
as that used for dwarf pear stocks. Quinces are set when two 
and three years old from the cutting or bud, but the latter age 
seems to be generally preferred. 

Planting and pruning.—I am convinced that the ideal distance 
apart for planting quinces is about fifteen feet each way, although 
most orchards are closer than this. Some of them are even as 
close as ten feet each way. ‘Too close setting requires heavier 
fertilizing and better care than most growers are willing to give, 
it demands severe heading-in, and it seriously interferes with 
spraying—a practice which can no longer be omitted in this state. 
The top should be started low, never more than twelve to twenty 
inches above the ground, I think ; and the branches should be 
allowed to spread widely. The frontispiece (Fig. 1) shows what 
most New York horticulturists would regard as a model shape for 
starting the top of quince trees, although there is room for differ- 
ence of opinion as to the advisability of such severe heading-in 
each year as this orchard has received. I have already discussed 
what I believe to be the fundamental necessities for the heading-in 
of the annual growthof peaches (in Bulletin 74), and the same 
observation may be applied to quinces: if bearing trees persist in 
making a heavy growth—say 18 to 30 inches—they should be 
shortened-in each winter; but if the land and treatment are such 
that the tree makes a rather slow hard growth, the operation" will 
not be necessary. Under conditions of rapid growth, heading-in 
certainly Jinduces fruitfulness, and it also keeps the tree within 
bounds. ‘The real question at issue, however, lies farther back. 
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Is it wise to induce very strong growth in any bearing tree? Or, 
is it not better to use rather more potassic and phosphoric fertili- 
zers and rather less stable manures and to be more conservative 
of late cultivation? ‘These are questions which the grower must 
answer for himself, for everything depends upon the original char- 
acter of the soil.* It will generally be found, I think, that some 
heading-in of quince trees is desirable, especially when the orchard 
is young. ‘The Maxwell orchard, shown in the frontispiece and 
which has been fertilized chiefly with stable manure, has probably 
been the most uniformly successful of any in the state, and a half 
or two-thirds the annual growth has been cut away each winter ; 
but this does not prove that the same result may not have been 
accomplished more economically. Shortening-in the annual 
growth also thins the fruit, for it cuts off all the terminal bloom ; 
the crop, in such cases, is borne upon the tips of the side spurs, 
and it is less liable, perhaps, to injury from winds. 

The crop, and marketing.—lf the quince tree is three years old 
when set—which seems to be the age of tree generally preferred— 
it should bear a few quinces the second or third year, and from 
that time the crop should increase each year until its full capacity 
is reached—a period which comes when the tree is nine or ten 
years planted. If the orchard is well cared for, it should continue 
to be profitable for thirty or forty years, and perhaps even longer. 
If the trees are ten by fifteen feet apart, so that about 300 trees 
stand upon an acre, an average crop for an orchard in full bearing 
should be a bushel to the tree of marketable fruit, and in occa- 
sional years this crop may be doubled. 

Although the quince is not a dessert fruit, the prices are deter- 
mined very largely by the manner in which the crop is packed 
and handled. A bruise soon becomes a dark brown spot and de- 
tracts greatly from the appearance of the product. The fuzz is 
commonly rubbed off completely to bring out the orange-like color 
and surface of the fruit. The Maxwells, at Geneva, make three 
grades of quinces, aside from the culls, but the latter are usually 
very few. The best grades and the earlier pickings are shipped 
in fifteen-pound or peck grape-baskets or in bushel kegs, whilst 


* See Bulletin 72, upon “‘ The Cultivation of Orchards.” 
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the main grade is marketed in barrels or half-barrels. The profits 
ordinarily lie in the two top grades. Prices of quinces vary great- 
ly. ‘This year, most shipments brought poor returns, although 
the later ones were fairly remunerative, bringing from $2.00 to 
$2.50 per barrel. The quince barrel used in western New York 
is the so called pony barrel, holding less than three bushels. The 
quality of quinces was low this year. The fruit did not keep 
long and it had a decided tendency to crack. The former condi- 
tion was probably due to premature ripening as a result of the 
prolonged drought, and the cracking was evidently the result of 
the fall rains in swelling out the fruit. It is noticeable that the 
placing of each individual fruit by hand in the small packages, 
brings fully as good returns as it does in peaches and other de- 
sert fruits, and this is a sufficient answer to those persons who say 
that because the quince is not consumed raw therefore it is not 
worth while to ‘‘fuss with the packing.’’ 

Varieties.—The varieties of quince are few, and yet not more 
than half of them are known in western New York. The only 
variety which is generally esteemed is the Orange or Apple, 
which is uniformly reliable and productive, and, being of mid-sea- 
son, may be used either for early or late market. The variety is 
not uniform, however. There are various more or less distinct but 
unnamed strains of it. It tends strongly to reproduce itself from 
seeds, asI have proved by experiment. While the Orange quince 
should comprise far the greater part of every commercial quince 
plantation in this state, I am convinced that a few trees of an 
earlier variety, like the Rea, and of a later variety, like the Cham- 
pion, will be found to be desirable. The only varieties which 
compete for favor in this state appear to be four, the Orange, 
Champion, Rea, and Meech. Other varieties, of which about a 
half-dozen have been prominently mentioned, are not yet sufficient- 
ly tested to allow of an intelligent report. 

Our own quince plantation was set in the spring of 1889, and it 
comprises, chiefly, the four varieties mentioned above. The first 
fruits were borne in 1891. ‘Taking the productiveness of the 
Orange quince per tree as 10 as a basis of comparison, the yields 
for the various years stand as follows : 
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Orange Champion Rea ‘Meech 
1892 IO 12 2 5 
1893 ie) 8 2 4 
1894 ie) 16 ff 8 
Average IO 12 ae 5% 


It will be seen, that, so far, the Champion has been most pro- 
ductive and the Rea least productive, while Meech has been about 
half as productive as Orange. In 1894, the Champion bore over a 


3-—Champion. % nat. 
Size. 


half bushel to the 
tree ; and this quan- 
tity may be taken as 

a fair crop for trees 
— | of this age. From 
thistimeon the yield 
should gradually increase in quantity and uniformity. The fol- 
lowing notes of these varieties, as grown in the University gar- 
dens, may be of interest: 


Orange or Apple Quince (Figs. 7 and 8).—Tree of moderately 
vigorous and spreading growth. Fruit very variable in size and 
shape, but in the ideal or original form not at all pear-shaped but 
distinctly flattened on the ends, like an apple. Color bright pale 
orange, the surface only moderately fuzzy. Midseason, and keep- 
ing until February under good conditions. 

The great variation in the shape and color of the Orange quince 
is generally thought to bedueto the existence of sub-varieties which 
have arisen independently from seed, and this is undoubtedly the 
occasion of most of the differences ; but Fig. 8, which is explain- 


THE QUINCE IN WESTERN NEw YORE. 617 


ed on page 622, shows that it may sometimes arise from the treat- 
ment given the trees. 

The old Orange or Apple quince was of European origin, but 
it is doubtful if the original strain or type is now in cultivation in 
this country. 

Champion (Fig. 3).—Tree an upright grower, taller than the 
Orange. Fruit large, distinctly pear-form, furrowed about the 
top, generally remaining greenish-yellow upon the tree, conspicu- 
ously covered with a floceose wool or fuzz. Late; in some places 


~~ a 


4.—Rea (Rea’s Mammoth). % nat size. 


it does not ripen well. It is the best keeper which I know. In 
a comparative keeping test of the four varieties here considered, 
which was made in an ordinary cellar, the Champion did not be- 
gin to get soft and yellow until the middle of January, while the 
other varieties were at that time showing signs of failing. 

The Champion is an American quince of recent origin. 

Rea, or Rea’s Mammoth (Fig. 4).—Tree small, not over two- 
thirds the size of the Orange at the same age. Fruit large to 
very large, mostly abruptly pear-form, rich orange in color, the 
surface very smooth, flesh of excellent quality. Ripens early, and 
does not keep so long as the Orange. 
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The Rea is a seedling, raised some thirty years or more ago, by 
Joseph Rea, Coxsackie, N. Y. The variety is either greatly 
modified by the conditions under which it grows, or else it is 
mixed. It was first described as a vigorous grower, with apple- 
shaped fruit, but our trees—procured from a reliable source— 
contradict both these characters. As we have it, it is 
at once distinguished by the short stature of the tree, and 
the large size, deep color and smooth surface of the fruit. It is 
not productive, but the excellent quality of the fruit and its showy 
size and color, make it worth growing to a small extent for early 
or fancy markets. It undoubtedly needs high culture. 


5.—Weech (Meech’s Prolific). % nat. size. 


Meech, Meech’s Prolific (Fig. 5).—Tree very like the Orange, 
but lower. Fruit ranging from nearly apple-shaped to short pear- 
shaped, somewhat furrowed atthe top, covered with a thin fuzz, 
color of the Orange quince Keeps about as long as the Orange. 

The Meech is supposed to have originated in Connecticut some 
thirty-five years ago. It was first described and named in 1883 
by W. W. Meech, author of Quince Culture, as Pear-Shaped 
Orange quince. It was subsequently named for Mr. Meech, who 
brought it intonotice. It issaid to be the most productive of all 
varieties, and this was the reason for its introduction ; but with 
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us thus far, it is not only comparatively unproductive, but the 
fruits have always been very variable in size and they have been 
particularly subject to the black-spot. J am hoping that as our 
trees become older, the variety may sustain its advertized reputa- 
tion. 

The Chinese or Hong Kong quince, which now and then appears 
in catalogues, represents a wholly distinct species from our ordin- 
ary quinces (it is Pyvws Cathayensis of botanists), and it is a very 
distinct and unique fruit, and the tree is wholly unlike an ordin- 
ary quince tree. It is not hardy in the northernmost states, al- 
though it was fruited in Weschester County, New York, so long 
ago as1845. The fruit is oblong and very large, often weighing 
over two pounds. 

Two of the newer quinces of which I have seen fruit and which 
are promising, are the Johnson and Bourgeat. The Johnson is a 
mild or sweet apple-shaped quince of the season of the Orange, or 
a little later. It originated with W. B. K. Johnson, Allentown, 
Penn. It promises well for home use. The Bourgeat is a variety 
recently imported from France. It is a firm apple-shaped quince 
of medium or large size, ripening just after the Orange. 

Leaf-blight and fruzt-spot.—The quince falls an easy prey to 
various insects and fungi, although there are only three of the 
insects and two of the fungous diseases which are serious, in this 
state, so farasI know. ‘The one most serious aud wide-spread 
perplexity is the fungus (Ax/omosporium maculatum) which spots 
the leaves (Fig. 6) and causes them to fall early, and produces 
the black-spot of the fruit (Fig. 7). This disease is probably al- 
ways present upon quince trees, although it may not always pro- 
duce serious difficulty. It is undoubtedly most serious in its effects 
upon orchards in sod, or those which are otherwise neglected. 
Yet every orchard is liable to be ravaged by the fungus. In 
most orchards the leaves begin to fall more or less in August and 
early September from the effect of the disease, and it is not infre- 
quent to see plantations almost entirely defoliated while the fruit 
is not yet fully grown. In perfectly healthy trees, the foliage 
should persist until after the fruit is harvested. The loss of the 
foliage deprives the fruits of nourishment when they are complet- 
ing their growth, and they usually remain small, and immature ; 
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and it also prevents the tree from laying by that store of energy 
which is needful for next year’s crop. I have often known the 
attack to come on so early in the season that the fruit appears to 
become stunted even before it is half grown. But the disease is 


6. —The leaf-blight. The left hand specimen was not sprayed ; the other was. 


serious upon the fruit itself, as well as upon the leaves. In well 
tilled plantations, its usual appearance is that shown in Fig. 7; 
but in serious attacks the fruit cracks or becomes lop-sided, the 
same as pears do when attacked by the same fungus. 
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Happily, this fungus is readily held at bay by energetic spray- 
ing with Bordeaux mixture This has been proved time and 
again by various experimenters, but in order to bring the subject 
home by atest upon a commercial scale amongst our fruit-grow- 
ers themselves, I this year selected the orchard of Col. H. 
Bowen, at Medina, in Orleans county, for experiment. This is 
an orchard in full bearing, comprising Orange quinces, but which 
has been in sod for several years. The trees are healthy, but 

moss-grown, and the crops have been indifferent because the fruit 
"is usually small and more or less scabby and it has not been 
abundant. The orchard 
had never been sprayed, 
and the owner was not 
convinced that spraying 
was necessary, 
although hewas 
anxious that the 


experiment be tried. 
The plantation, 
therefore, afforded 
an excellent opportunity 
to discover what value 
resides in spraying, inas- 

much as there was no fer- 
7.—Black-spot of the Quince (nitural size). tilizing, tillage, or other 
circumstance to complicate the result.* 

It was very late in the season (June 25) when the first applica- 
tion was made, for at that time the fruits were as large as the end 
of one’s thumb—an inch long—and the leaves were already badly 
marked with the small brown spots of the leaf-blight. In fact, I 
thought that it was too late to obtain any results from the spray. 
Yet the Bordeaux mixture (6 lbs. sulphate copper, 4 lbs. lime, 40 


* The spraying experiments made upon quinces in the University gardens 
will be reported on in a later bulletin. 
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gallons water) was ‘‘put on to kill,’ as a spectator remarked. 
The trees were soused with the mixture, and the entire foliage 
and the Jimbs were deep blue as soon as the application had dried. 
On the oth of July, the application was repeated. At this time, 
the first application appeared to have done no good. The foliage 
was equally blighted in the sprayed and unsprayed portions, so 
far as I could determine, although the disease did not appear to 
have progressed much in the meantime. The fruits upon the 
sprayed portions were much browned and discolored by the Bor- . 
deaux. ‘The experiment seemed to be unpromising, and it was 
not carried further. 

On September 21st, the orchard was visited again, and the 
treatment was found to have brought the most remarkable results ! 
The fruits upon the sprayed rows were nearly twice larger than 
upon the untreated rows alongside, yellower and less fuzzy, and 
they were markedly longer in form as well as much more uniform 
in size. The russet discoloration of the Bordeaux mixture had 
wholly disappeared. Fig. 8 shows an average quince from each 
lot, three-fourths natural size. The differences of shape are quite 
as marked as those of size. While I am unable to account for this 
change of shape, it was easy enough to see that the increased size 
was due to the persistence of the leaves upon the sprayed trees. 
From one-fourth to one-half the entire foliage had fallen from the 
unsprayed trees, and what leaves remained were small and yellow. 
On the sprayed trees, however, the leaves were all intact and 
they were large and dark green. It was noticeable that the tips 
of the shoots on the untreated trees were almost uniformly bare 
of leaves, and the leaves which stand directly against the base of 
the fruit had fallen. Fig. 6 shows two characteristic twigs, the 
short one upon the left being from an unsprayed tree, the other 
from a sprayed tree. The leaves upon the shorter twig show the 
spots of leaf-blight. Fig. 8 shows how the leaves persist next 
the fruit upon the sprayed specimens, while they fall from other 
fruits. These leaves must exercise an important office in the 
growth of the contiguous fruit, for the quince has no stem in the 
sense in which apples, pearsand plums have, but the leafy branch 
terminates directly in the fruit. I am not sure that I understand 
why the sprayed quinces were so much less fuzzy than the others, 


Average shape 
comparative size of 
sprayed Orange 
guince. Observe that 
the leaves still persist 
at the base of the 
fruit. Fruit bright 
yellow and glossy, al- 
most free from fuzz, 
and very handsome. 


and 


size of frurt 


Average shape and comparative 
of unsprayed Orange quince. Leaves 
fallen from the twig. Frutt 
later, greenery and ap- 
parently of low 
quality. 


8.—Quinces from adjacent sprayed and unsprayed trees. 3% nat. size. 
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but Iam inclined to think that this woolly covering—which is a 
living growth from the surface of the fruit—was killed by the 
Bordeaux mixture. The young fruits, it will be remembered, 
were much discolored by the Bordeaux, but the absence of any 
roughness or discoloration upon the ripe fruit apparently shows 


9.—Sprayed limb (on the left) with 


‘moss’ or lichen destroyed; un- 
Sprayed limb on the right. 


* This ‘‘ moss’? is really a lichen. 


that the injury did not extend 
deeper than the fuzz. These 
sprayed fruits were not only 
larger, yellower and smoother 
than the others, but they were 
almost wholly free from spots 
or cracks of the spot fungus, 
although none of the fruits 
in the orchard were seriously 
attacked. Another marked 
result of these two sprayings 
was the complete destruction 
of the ‘‘ moss” which had 
overgrown many of the trees. 
Fig. 9 shows on the left a 
branch from a sprayed tree. 
This was completely covered 
with the moss when the ex- 
periment began, but this moss 
was killed by the sprays and 
nearly all of it had fallen off 
when the trees were examined 
in September. The branch 
upon the right shows the 
moss upon the unsprayed 
trees.* 

The results of these two tardy 
spayings, then, were exceeding 
ly satisfactory. In fact,the out- 
come was more marked than is 


Two species are growing upon the right 


hand branch. The most abundant light-colored one is Physcia stellaris ; 
the dark patches are Zheloschistes concolor. These were determined by 
Miss Clara E. Cummings, of Wellesley College. 
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usually the case, and I should not expect it again even in this 
same orchard. The plantation had been so completely uncared 
for in respect to such treatment and to tillage, that it was in just 
the condition to show unequivocally any advantage which had 
been gained by the spray. Yet marked results in combatting the 
leaf-blight are so certain, that nearly all the best quince growers 
in western New York spray their orchards. The experience in 
this orchard proves that the spread of the disease may be almost 
wholly stopped even after the leaves are conspicuously marked by 
it. The disease cannot be said to be cured in the sprayed leaves, 
but the fungus is no doubt kept from fruiting and it is confined 
largely to its original points of attack; and it is not allowed to 
spread onto the new leaves. It is unwise, of course, to wait un- 
til the disease appears before applying the spray. An application 
of Bordeaux should be made soon after the blossoms fall, and two 
or three thereafter at intervals of two or three weeks, for the dis- 
ease may always be expected. Col. Bowen makes the following 
statements concerning the experiment in his orchard : 


I consider the experiment in my quince orchard really mar- 
velous, as do other fruit growers—some of whom visited it several 
times during the summer and also at picking time. Thefruit on 
the rows of trees sprayed was quite perfect, being as a rule free 
from black specks, and of extraordinary size, some weighing a 
pound each, and one barrel containing less than 200 quiuces sold 
in Albany for $6.00, when ordinary fruit was selling for less than 
half that price. The foliage on the sprayed trees remained on 
long after the others had fallen. The spray also killed the moss, 
and the prevalence of red rust was not as great as on the trees not 
sprayed. Your experiment here will have the effect, I think, to 
arouse fruit growers to renewed activity next spring in caring for 
their fruit orchards of every description. 


LPF ao 


Rust.—Another disease which is nearly always present to a 
limited extent, and which has attracted much attention during the 
past season, is the rust. It is well shown in Fig. 10. It is very 
conspicuous upon the fruit, as it covers the injured portion of the 
quince with an orange fringe-like growth. Thetube-like projec- 
tions of the fungus contain numerous spores, and when this stage 
is apparent the fruit is already irrevocably ruined. Sometimes 
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the entire young fruit is involved, and it may die and fall; but 
more often the fruit hangs upon the tree and the diseased portion 
becomes dry, hard, black and sunken. Such a fruit, with the 
entire top third deformed by rust, is shown in Fig. 11. Thisrust 
fungus also penetrates the twigs, and often causes knots to ap- 
pear, resembling the black knot of the plum (Fig. 12). This fun- 
gus has a curious life history. Upon the quince, and some relat- 
ed fruits, itis known as Roestelia aurantiaca, but it is really only 
a form of another and very different looking fungus which causes 
apple-like swellings upon the twigs of red cedar trees and 
juniper bushes. Upon these plants the fungus is known as 


10.—Rusted young quinces. The left hand specimen ts attacked at the blossom 
end and the other at the stem end. 


Gymnosporangium clavipes. ‘This cedar fungus, or so-called 
cedar-apple, produces its spores in spring, and these are carried 
by the wind, and, alighting upon the quince, soon produce the 
rust ; and when this rust upon the quince first attracts attention, it 
is already beyond control, as I have said, save by removing and 
burning the diseased parts. The spores produced by the quince 
rust are incapable, so far as known, of again producing the rust, 
but they are scattered by the wind and when they come upon the 
cedar or juniper produce the cedar apple stage. It has been 
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proved that cedars may affect quinces,or other amenable plants, at 
a distance of eight miles. Evidently, the first thing to be doneis 
to destroy the cedar trees, if rust is feared. The next thing to do 
is to destroy all affected portions of quinces, hawthorns, apples 
and other plants upon which the rust stage appears. There is 
some question asto how long the fungus persists in the quince 
wood. It has been thought that the mycelium or vegetative por- 
tion is perennial in the tissues of its host, but this is doubtful. I 
believe that the rust can be kept off the quince by thorough spray- 


I1.—Quince 
de f ormed 
by therust 
(nat. stze.) 

The Quince 

Srutt nor- 
mally has 
a Fewer 
rounded 
| apex, but 
in this 
frutt the 
upper 3a 
zs sunken. 


ing with Bordeaux mixture. The disease was certainly less prev- 
alent in the sprayed portion of Col. Bowen’s orchard than in the 
unsprayed part. If the leaves, fruits and twigs of the quince tree 
are covered with the fungicide, the spores will find small chance 
of making successful germination when they arrive from the cedar 
trees. But this rust is rarely very serious, and if the grower has 
sprayed dutifully for the leaf-blight, he will have little to fear. 
Pear-blight or fire-blight is undoubtedly the most serious dis- 
ease with which the quince grower hasto contend. It is the same 
disease which is so destructive to pear orchards in certain years, 
and which attacks various sorts of apples, particularly the crabs. 
This is known from all other diseases by the death of the entire 
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shoot or branch, and the uniform browning and dying of all the 
leaves involved. Inthe true fungous diseases, as the leaf-blight 
already described, the leaves become spotted and they eventually 
turn yellow and fall ; but in this fire-blight the leaves are uniformly 
dead brown throughout, and they wither and hang upon the limb. 
The bark of the diseased branches becomes hard, dry andshrunken. 
Unfortunately, there is no remedy for this disease, save to cut off 
the affected parts and burn them. This treatment 
destroys the dis- | | ease, for it is local in its destruction 
tipon: the“ {ree’; but other attacks may occur. Or- 
dinarily, the dis- ease is not serious if it is carefully 
followed up in this way, but in occasional years 
it seems to be so prevalent as to overcome all obsta- 
cles and to ruin large blocks in the orchard. 
Insects.—Three insects are troublesome to quince 
growers in western New York, the 
borer, codlin moth, and quince 
curculio. These are well 
known invaders and it is 
not necessary to make any 
lengthy account of them 
here. The borer,—which 
is particularly partial to the 
quince—should be dug out. 
If the trunks and crowns 
are examined in May or 
Juneandagainin September 
or October of each year, all 
serious trouble may be 
averted. Itisdoubtful if the 


12.—Quince knot caused 
by the rust fungus. 
An infrequent in- 
7ury of quince shoots, 
wm appearance like 


the black-knot of - 
plums. many strong smelling and 
caustic washes which are 
recommended are really efficient. Some growers recommend 


tarred paper tied tightly about the crowns of the trees for the 
purpose of keeping away the borers*. The following experience 


* Serious results often follow the use of tarred paper tied about trees, for 
the bark is likely to die underneath the paper. This is especially true if the 
paper is left on during the growing season, and the trouble seems to be 
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however, given me by F. H. Wakeley, Greenville, Green Co., 
N. Y., makes me cautious about advising its use: 

‘“Twelve years ago, I set three hundred apple trees and the 
mice and borers went for them till I was about discouraged. So 
one November I wrapped about one hundred trees with tarred 
building paper. Some were small trees, set about one or two 
years before, others were two to three inches through. Next 
June I noticed that one of the young trees was failing and I found 
the bark dead as far as the paper touched it. I stripped the rest 
of the trees quickly. Trees the size of my thumb were all killed, 
while in the larger ones the outside bark turned black and peeled 
off. If I had left it on through the summer I think it would 
have killed every one. I have tried soap, ashes, etc., with poor 
success. I know of one orchard that is wrapped with pieces of 
wire screen such as is used for windows, and it appears to fill the 
bill. I shall try it when I set more apples.’ 

The codlin moth is the same insect which delights in the apple. 
It is less serious in the quince. The best remedy is to add Paris 
green to the Bordeaux mixture which is applied for the leaf- 
blight. The poison should be added tothe Bordeaux mixture in 
the same proportion as if the latter were water ; that is, one pound 
of Paris green is added to 250 gallons of the mixture. 

The quince curculio is closely allied to the plum or peach cur- 
culio. It punctures the fruit and causes it to become rough and 
knotty. The Maxwell’s, with whom it is very bad, have tried to 
dislodge it with Paris green, but with little success. The best 
method is undoubtedly to catch the insects upon sheets in the 
same manner as the plum curculio is captured. Certainly, one is 
sure of the bug when he gets him between his fingers. 


greatest upon young trees. It is possible that different brands or grades of 
tarred paper behave differently in the effect upon the bark. In Bulletin 69, 
p. 254, I said that tarred paper may be used to keep mice away from trees, 
but-I recommended that it be ‘‘ rolled lightly about the base of the tree,’’ 
not tied ; and inasmuch as mice are never troublesome in warm weather, it is 
presumed that the paper will be removed in early spring. But even with 
these precautions. it may not be wise to use the material unless the grower 
has had some experience with 
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REVIEW. 

Quince growing is an important interest in western New York, 
where it has no doubt reached its largest dimensions in North 
America. 

As a rule, quinces bring only ordinary profits, owing to the 
limited demand for the fruit, but this difficulty may be in a meas- 
ure overcome by searching out distant or unsupplied markets. 

The crop is reliable ; that is, it is not easily destroyed by capri- 
cious variations in weather, the trees are hardy and productive, 
they are easy to prune and spray, and the diseases and insects, 
while rather numerous, are held in check with comparative ease, 
with the single exception of the pear-blight. 

The best soils for quinces in western New York, are thought 
to be the heavy clay loams. The lands should be retentive of 
moisture, but not wet and soggy. Good drainage is essential to 
quince culture, as it is to the growing of pears or other fruits. 
See page 610. 

So far as known, the general plan of fertilizing quince orchards 
should be that which is also best adapted to apples and pears,— 
the free use of potash and phosphoric acid, and the conservative 
use of nitrogen. It is probable that, upon good quince lands, 
most or all the necessary nitrogen can be obtained by tillage and 
cover crops. See page 610. 

Quince orchards should be given clean culture. The best re- 
sults cannot be expected if they are kept in sod. The roots are 
usually shallow, however, especially if the land has not been cul- 
tivated from the first, and very shallow tillage is generally best. 
It is sometimes impossible to plow up old soddy orchards, and in 
this case the fertilizers may be sown upon the sod, and the land 
can be subdued by dragging or cultivating lightly when the sod 
is soft in spring. See page 612. 

Probably the best results will be obtained, in the long run, if 
the trees are set fourteen or fifteen feet apart each way, although 
they are commonly planted closer than this. 

The quince tree should have a trunk twenty inches or less 
high. The pruning is essentially the same as that demanded by 
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the apple, except that it is generally found to be advisable to 
shorten-in the annual growth somewhat each winter. Whether 
this shortening-in shall be practiced, as wellas the extent to which 
it shall be carried, depends almost entirely upon the growth 
which the tree is making. See pages 611 and 613. 

The first fruits of consequence may be expected when the tree 
is three or four years planted, although the quince does not arrive 
at full productiveness until it is nine or ten or more years old. 
An average crop for an orchard in full bearing is one bushel of 
first-class fruit to the tree, but this yield is exceeded in some years. 
Careful attention to handling and marketing pays as well with the 
quince as with other fruits. Shiftless men are never successful 
fruit growers. 

The Orange or Apple quince is the only variety which is 
commonly planted. The Champion is a better keeper and 
equally productive, but it is too late for some localities. Rea 
is an early variety of large size, but the tree is small in stature 
and it is not very productive. See pages 615 to 619. 

The fungus which causes the blight and falling of the leaves 
(Fig. 6) and the spotting and cracking of the fruit (Fig. 7) 
is the commonest enemy of quinces in this state; but it is readily 
held in check by spraying with Bordeaux mixture. See page 619 
to 625. 

The rust is a curious disease which is always fatal to the fruits 
which it attacks (Figs. 10-12), but which is rarely seriously preva- 
lent. One stage of the fungus which causes it occurs upon red 
cedars and junipers, and the destruction of these plants is the first 
means of prevention. All attacked quince fruits and twigs should 
be burned. It is probable that the thorough spray of Bordeaux 
mixture which destroys the leaf-blight will also prevent the rust 
fungus from obtaining a foot-hold. 

Pear-blight is the most serious disease of quince trees, and 
there is no way of keeping it in check but to cut off and burn all 
affected limbs. See page 627. 

Three insects are mischievous in western New York quince or- 
chards: the borer—search for it twice a year; the codlin moth— 
put Paris green in the Bordeaux mixture ; and the quince curcu- 
lio—jar it onto sheets, as you would the plum curculio. 

L. HH. BAILEY 
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Sir :—The foliowing account of the black-knot of plums and cherries is 
submitted for publication and distribution under section 87, chapter 675, of 
the laws of 1894. The subject is an important one to all fruit growers, and 
the present account contains the first experimental proof that the disease can 
be kept in check by spraying. The leading points established in this paper 
are these: The disease usually shows itself the year following inoculation, a 
fact which is proved by the absence of knots on the growth of the season ; 
the inoculation occurs mostly in crotches and at the junctures of the annual 
growths, owing to the greater frequency of chinks at these places, and to 
more tender bark, and to convenient places for lodgement of the spores ; if 
the branches are constantly covered with fungicide, the germinating spores 
are killed. Good Bordeaux mixture remains upon the branches a long time, 
and it appears to retain its efficacy from the fact that when applications 
ceased early in June the summer spores of the fungus, which no doubt ap- 
peared after this time, were apparently unable to seriously multiply the 
disease. Whilst the results with the spray are surprising, there is neverthe- 
less every reason for anticipating them, for it is evident that the infection 
takes place from spores falling upon the plant, and it is generally understood 
that germinating spores are killed by copper fungicides. Mr. Lodeman’s 
results with the black-knot are supplemented by similar results obtained by 
myself upon another fungus which enters the deep tissues, the red rust of 
the quince (see Bulletin 80). L. H. BAILEY. 
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THE BLACK-KNOT OF PLUMS AND CHER- 
RIES, AND METHODS OF TREATMENT. 


Distribution—Many of our stone fruits, both the wild and the cul- 
tivated forms, suffer from the attacks of a disease which is popularly 
known as the black-knot. It is of American origin, and from the 
early records of its presence on cultivated trees, it appears to have 
been particularly abundant along the northern half of our Atlan- 
tic sea-board. ‘This may be ascribed to the fact that this portion 
of the country was first most thickly settled and consequently 
such a trouble would there be first noted. In the early part ot 
this century, however, the disease had become more serious in 
most of the regions in which it was first mentioned, and the ruin- 
ous effects of its presence gradually became known in those sec- 
tions which appear to have been free from the trouble at the time 
the first settlements were made. It is not improbable that the 
disease was first restricted to the country east of the Alleghany 
mountains, although several of the plants upon which it is found 
are native in the regions to the west. It appears that no serious 
damage was done by the fungus in western orchards until the 
number of its cultivated host plants had become sufficiently great 
to allow of the rapid propagation and spread of the disease. In 
some cases its presence could be traced directly to an eastern 
source. 

In The Cultivator, for 1850, page 333, is the note that ‘‘ Benja- 
min Hodge, of Buffalo, N. Y., who has raised and sold trees for 
the past 30 years says he never -had this malady among his plum 
trees till the present season, and that in the instance cited it was 
introduced from the east.’’ He further claimed that all the 
affected trees came from stocks brought from Massachusetts. In 
1879 the statement was made* that the knots were appearing 


* The Country Gentleman, vol. 44, p. 262. 
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about Cincinnati in regions which had previously been free from 
the disease. Other cases of a similar nature might be mentioned, 
and although the disease may have been native to a large area, it 
appears to have attracted attention only after the cultivated plants 
upon which it thrives had been generally grown, and the condi- 
tions for its rapid dissemination had become favorable. At 
present the disease is confined to North America, no case of its 
occurrence in Europe or foreign countries having been reported. 
It is found throughout the United States, but is rare in the ex- 
treme south. 

Description.—The superficial characters of the parts attacked 
by this disease are familiar to nearly every one who is in any de- 
gree interested in the extermination of the pest. The term ‘‘ black 
knot’’ is very expressive, for the affected parts swell and present 
the form of more or less elongated knots which turn a deep black 
during the fall and winter. According to Humphrey* the newly 
forming knot can often be seen in the fall. It then appears ‘‘as 
a slight swelling of the branch, arising near an old knot, or inde- 
pendently.” It is generally in the spring, however, that the 
knots can first be plainly seen. Affected portions commence to 
swell as soon as the active flow of sap begins, and as the swelling - 
increases the bark is ruptured and a granular growth soon fills the 
crevices. This newly formed substance is light yellowish brown 
in color, and a tinge of green can sometimes be seen. The brown 
shade deepens as the season advances. During the latter part of 
May and early in June the swellings have enlarged to such an ‘ex- 
tent that they are frequently three to four times the diameter of 
the twigs upon which they are found. The bark very soon dis- 
appears, and the knot is found to be composed of a mass “‘in 
which all distinction between wood and bark has been lost. In 
the knot we find bast fibres, wood cells, and dotted ducts ; but 
the prevailing tissue consists of a collection of dotted, rectangular, 
parenchymatous cells, with very thick walls which closely resem- 
ble the walls of the medullary rays.’’+ The knot also gradually 


* Kighth Annual Report of the Mass. State Agric. Exp. Station, p. 205. 
Farlow, Bull. of the Bussey Institution, Harvard University. Part V. 
p- 446. 
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changes color; and eventually it is perfectly black and presents 
the appearance which is so commonly seen, Figs. 3 and 4. 

There is much variation in the size, shape, and location of the 
knots. Sometimes they do not grow to be more than a quarter 
of an inch in length, and then they do no particular damage. 
Such small knots are seldom seen, for their growth in spring is 
generally quite rapid and they frequently extend several inches 
along atwig. ‘The largest knot which has come to my notice was 
on Morello cherries and was nearly five inches in length, it being 
all one year’s growth. Ifthe growth of other years is considered, 
the diseased portion will be considerably extended. It is a pecu- 
liar circumstance that the knots as a rule do not encircle a branch, 
but nearly all extend along the branch upon one side while the 
portion opposite remains healthy and permits the passage of the 
sap to the living portions beyond. Small twigs are frequently 
killed outright, for in them the disease soon cuts off all communica- 
tion between the parts above and those below the affected portion. 
Large limbs do not succumb so rapidly. The disease gradually 
extends from year to year and it may be a long time before the 
death of the parts beyond takes place, for such, with probably 
rare exceptions, is the result which eventually follows the ap- 
pearance of the trouble. 

The form of the knots varies considerably. Upon the smaller 
branches, those two or three years of age, they are generally 
straight, or nearly so. The swelling is often more marked at the 
center of the diseased portion, and gradually diminishes towards 
the ends; but the swelling may have nearly the same diameter 
throughout its length, and in such cases the knot terminates 
abruptly. If the twigs are but a year or two old the presence of 
the knot may cause considerable bending of the wood, so that fre- 
quently the knot turns at a sharp angle, or it may be inclined to 
the form of a spiral. Large branches which cannot be affected in 
this manner generally cause the formation of knots that are more 
or less oval in outline, the most protruding portion being near the 
center. When the knots are formed in the forks of two branches, 
as so frequently occurs, they extend along both branches beyond 
the point of union, and also downwards. Such knots vary 
greatly in form. 
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The large majority of the knots found upon Morello cherries 
seem to form in the following places: in the crotches of younger 
limbs, at the union of the consecutive growths of two seasons, and 
upon small spurs which commonly bear the fruits. I have seen some 
the cases in which it appeared as if entrance had been gained in the 
axil of a leaf, or about the bud situated at its base. The swell- 
ings frequently form in the crotches of limbs that sometimes are 
four or five years old, but younger branches suffer to a very great 
extent. The knots which form at the union of the growth of 
different seasons may generally be found upon wood that 
is from one to three years of age. The center of the swelling is, 
asatule, near the point of union. (See also page 646.) I have 
as yet failed to find in autumn or winter a well developed knot 
which was formed upon the growth made during the preceding 
spring and summer. ‘They have invariably appeared upon older 
wood, and generally in the positions mentionedabove. (See Fig. 3 
page 645.) 

During May and June the newly formed knots are covered 
with a velvety growth, but this soon disappears. The 
knot then becomes dark and by winter has become perfectly 
black. It is then covered by innumerable, smal _levations 
which project from its irregular granular surface. Atthis season 
the knot is generally hollowed out by insects which have devel- 
oped within, and so there is often not much more than a mere 
crust remaining. During the fall and early winter many of the 
knots become more or less coated with a substance which is yel- 
lowish white, and other colors may also be seen. This appear- 
ance is not a development of the knots, but is caused by a fungus 
which is parasitic upon them. 

Cause.—It is only in recent years that the true cause of the 
black knot has been demonstrated. Formerly the trouble was 
generally supposed to be due to the work of insects, and this 
opinion is still held by many, although scientists have shown 
plainly that insects are not responsible for such swellings. Other 
theories were also freely advanced, such as a diseased condition 
of the sap, abnormal condition of the plant’s ‘“constitution,”’ 
the character of the soil in which the trees were growing, and 
some form of mechanical injury. But such ideas were not so 
commonly accepted. 
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Black knots are now known to be brought on by a fungus, 
Plowrightia morbosa. It was’ long suspected that such is the 
case, for the fungus was imperfectly described by Schweinitz 
as early as 1821.* But the first published statement that the 
black-knot is caused by a fungus appears to have been made by 
Dr. Joel Burnett, of Southboro, Mass., although no proof of the 
proposition was given.t It was based upon the fact that the 
curculio, which is a regular inhabitant of the knots, did not lay 
its egg in them until the latter had formed, and thus it could not 
be held as the cause of the first appearance of the swellings. It 
was not until 1876 that the relation between the knots and the fun- 
gus was clearly shown.[ Dr. W. G. Farlow then removed all 
doubt as to the cause of the disease, and although the entire life 
history of the fungus is not described, no further question can be 
raised as to the origin of the trouble. The following plants also 
seem to suffer from this disease : Chickasaw plum (Prunus angustt- 
folia), beach plum (P. maritima), native red or yellow plum (P. 
Americana), choke cherry (P. Virginiana), wild black cherry 
(P. serotina), wild red cherry (P. Pennsylvanica). ‘The sweet 
cherries (P. Avium) are said to suffer occasionally, but no authen- 
ticated case seems to be on record.§ 

The life history of the fungus as now understood is in brief as 
follows :|| The first external appearance of the disease is an en- 
largement which may be visible in autumn but is most marked in 
early spring. This swelling is caused by the irritation of the fun- 
gus which has entered the cambium layer of the branch. This 
layeris theone from which the inner bark and the wood are formed, 
and the presence of the fungus causes an abnormal growth to take 
place (see page 638). The first crop of spores are matured in 
May and June, and it is these and the threads bearing them which 
give to the knots the velvet coating they possess at this time of 
the year. ‘The spores mature quickly and they are then scattered 


* Synopsis Fungorum Caroline superioris, No. 134. 

+ New England Farmer, August 16, 1843. 

{ Harvard University Bulletin, Bussey Institution, Part V., 1876, p. 440. 

21 once collected knots froma tree of Prunus Avium insouthern Delaware. 
The tree, which was of the mazzard or wilding type, was a foot or more in 
diameter of trunk, and the small limbs bore very numerous well developed 
knots.—L. H. BAILEY. ; 

|| A list of the most important papers relating to the black knot disease 
may be found on page 636. 
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by various natural agencies. The knot then assumes a darker 
color and presents its characteristic hard, almost metallic ap- 
pearance. 

Another crop of spores is still to be borne before the knot has 
finished its work. These spores are formed in the small pimple- 
shaped elevations which appear on the surface of the knots in au- 
tumn and winter. They mature during midwinter or early spring, 
the time appearing to vary in different localities. As soon as they 
have ripened they leave the minute elevations in which they were 
formed, and are scattered to propagate the parasite in some other 
spot. ‘The central portion of the knot has then finished its round 
of existence, but the outer portions continue to grow and form new 
knots above and below the old one. In this manner a single knot 
may in time extend a long distance on a branch. 

Many points regarding the development of the black knot fun- 
gus are still imperfectly known. ‘Two of the more important of 
these are the time and the manner in which the spores succeed in 
gaining an entrance into the host plant. 

At present it can only be assumed that the spores germinate and 
penetrate the tissues soon after becoming ripe. The principal 
periods of infection would then be early spring, as soon as vege- 
tation begins, or even earlier ; the other period would be from 
the middle of May to the middle of July, the time varying with 
the character of the season and with the locality. This subject 
is of the greatest importance when considered in its relation to the 
most favorable times for making applications designed to prevent 
the entrance of the fungus into healthy tissues. 

From the fact that new knots show the first external indica- 
tions of their presence only to a very limited extent in the fall, while 
the great majority of them do not form until spring, it would seem 
that infection takes place one year, but the knot does not develop 
until the following season. ‘The manner in which the spores that 
mature in winter invest healthy tissues is not clear. There may 
be some relation between them and the formation of knots upon 
older wood, but the production of the spores in summer prevents 
the making of any definite statements which are not based upon 
careful artificial inoculations. As already stated, a great many 
knots are found in the forks of young branches, Fig. 3, 1, and at 
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the places in which one year’s growth stopped and that of the fol- 
lowing year began, Fig. 3, 2. A careful examintion of the forks 
of the small limbs shows that the union of the two parts is not so 
close as at first appears. The cellular structure of these parts, as 
revealed by the microscope, is seen to be such that the spore of a 
fungus would apparently have less difficulty in gaining an entrance 
here thanin almost any other place. Figure 1, A, represents a sec- 
tion made atthe union of twotwigs. The different parts of the limb 
are here shown so that their relative positions may be understood. 
The outer layer ck is composed of cork cells. These are penetrated 
with difficulty by the threads from a germinating spore, and it may 
be that entrance is entirely prevented by them. The layer lying 
under the one composed of cork cells is the cortex, c 0. This 
layer as a rule contains no cells which are lignified, or woody, but 
is composed of cells which are easily penetrated by the mycelium 
of many fungi. Underneath the cortex is a layer known as the 
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1.—Crotch of branches where knots often form. 

phloem. The phloem comprises the hard and the soft bast cells, 
only the former being woody. The soft bast cells can also be pene- 
trated by the threads of the mycelium and offer no obstacle to the 
passage of such parasites. In this manner a fungus can penetrate 
without much difficulty to the cambium layer, ca, represented 
only by a dark line, when once the layer of cork cells has been 
passed; for the woody or lignified cells are arranged in isolated 
bundles so that they do not interfere with the inward growth of the 
threads of the mycelium, or vegetative portion of the fungus. 

Diagram B of Fig. 1 represents only the layer of cork, more high- 
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ly magnified, as found in the crotch of twosmalllimbs. It will be 
noticed how deep is the crevice which extends downward from 
the point at which the two parts are apparently united. Another 
interesting feature of the diagram is the variable thickness of the 
layer. Where fully exposed to the air it is comparatively thick, 
but within the crevice it is much thinner, especially so in a few 
places. Diagram C shows the layer magnified still more, a sec- 
tion having been taken at the point cin B. ‘The center cells are 
flattened to such an extent that they cannot be plainly seen. 

Figure 2 represents a highly magnified termination of another 
crotch taken froma Mo- 
rello cherry tree the wood 
being two and three years 
old. The point 4 in this 
diagram corresponds 
with 4 in diagram B of 
Fig. 1; it is the lower 
extremity of the cork 
layer. Butthisfork shows 
a fissure which prolongs 
the crevice naturally 
made. The layer of cork 
ce Is has been separated, 
and an opening made in- 
to the cortex lying un- 
derneath. .The cells 
surrounding the fissure 
were tested for corky tissue and also for lignin, or woody fibre. 
These two substances were found not to be present. The threads 
of mycelium would therefore have little trouble in gaining an 
entrance, The fissureseen below 4 was not a new one, for the cell 
walls surrounding it were darkened as by exposure to air, and it 
is probable that they exist quite commonly in the forks of Morello 
cherry twigs. 

The manner in which the black-knot fungus gains an entrance 
into the forks of the smaller branches may thus be made fairly clear. 
A spore lodges in the crevice between the two branches; the 
action of the wind and the weight of the branches, especially 
when wet and bearing foliage, open the crevice more or less and 
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2.—Lodgement for spores in a crotch. 
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3—Forms of 
Black-Knot 
I, knots tn 
the forks of 
branches ; 
2; ati: the 
untonof 
peariy 
growths; 
3, On Spur; 
4. on large 
wood, en- ) 
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gained <1 
through a — 
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the spore finds ~ 
still deeper lodge- a 
ment. It germi- 

nates and sends thread 
downward, the layer of 
cork is passed and the 
entrance into the host plant is 
effected. It may also be true 
that spores succeed in entering 
growing shoots during the summer 
at the bases of the leaves and through 
the crevices about the buds. Knots 
frequently appear in _ places not 
mentioned on page 640,and this may 


be the point where their formation 
begins. 
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Number 2 in Fig. 3 shows two knots, each at the end of the 
growth of a season. ‘The small lines running across the twig at 
the point of union of the parts formed in different 
seasons represent elevations and depressions in the 
surface. These would also afford protection and 
moisture to any spores which might lodge there. 
A microscopic examination shows also some 
very thin layers of bark, and it seems probable 
that an entrance could be affected here with- 
out much difficulty, provided atmospheric 
conditions are favorable. 

Number 3'of the same illustration 
represents what may be considered 
as an explanation of the appearance 
of knots upon older branches (Fig. 
4), or even upon the trunks of the 
trees. There can still be seen the 
remnants of small spurs which were 
probably first attacked. From these 
spurs the fungus entered the cam- 
bium layers of the larger portion, 
and thus the knot formed, and the 
part appears to have been directly 
attacked, although entrance in real- 
ity was gained through the spur, 
as is shown in No. 4 of the same 
figure. 

These examples and many others 
of a similar character indicate that 
it is only comparatively young 
wood that is affected, the covering 
of the larger branches being so thick 
that it can withstand the attacks 
of the disease. 

4.—Knot upon a large branch. Remedies.—Although the black- 

knot fungus has been troublesome 
almost from the time that the stone fruits which it attacks 
have been grown in this country, no remedy has yet been found 
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to be of value. The earlier literature upon the subject contains 
considerable advice regarding the treatment of the disease, but as 
its nature was not understood such remedies were founded mostly 
upon an unreliable basis. For example, it was recommended to 
dig about the base of the trees in the fall, and to keep chickens ; 
the use of two or more quarts of salt per tree was considered of 
value ; pulverized blacksmith’s cinders scattered about the base 
of the trees prevented the disease; iron filings or scraps of old 
iron answered the same purpose; much importance was also at- 
tached to the nature and drainage of the soil in which the trees 
were growing. This list by no means includes all the sugges- 
tious made. 

The preventive measure of cutting out the knots as fast as they 
appeared was strongly recommended from the earliest time, and 
this is still one of our best methods, if not the best, of checking 
the spread of this pest. The best time to do the work is in early 
spring when the new knots can be seen. ‘This prevents the pro- 
duction of both crops of spores and will undoubtedly soon rid a 
neighborhood of the disease if the work is properly done. The 
next best time is in the fall, before the second crop of spores have 
matured. If the work is postponed until after these spores have 
been distributed the value of the operation will be almost entirely 
lost. From two to three inches of apparently sound wood should 
be cut away below the knot in order that no part of the fungus 
will remain in the portion left upon the tree. It has been gen- 
erally advised to cover the cut surfaces with some material to pre- 
vent further infection at this point. Shellac, paint, and a solu- 
tion of copper sulphate have been recommended for the purpose, 
but the value of the practice has not yet been determined and the 
labor of covering such surfaces may be very great. When the 
knots have been removed they should be buried or burned, so that 
no spores may mature after the operation, as sometimes occurs 
when the knots are left lying upon the ground. One individual 
cannot exterminate the fungus in a locality, and if no laws exist de- 
manding the destruction of the knots, public sentiment should be 
brought to the point of making such demands. Laws framed for 
the purpose of controlling the black knot now exist in Michigan, 
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New Jersey, New York, and Ohio.* California possesses laws 
aimed to keep all contagious plant diseases out of the state by 
means of the inspection of all imported stock ; Ontario and Bri- 
tish Columbia also possess laws designed for the better prevention 
of certain diseases of plants. If existing laws were enforced the 
extent of injury from the black knot fungus would be very greatly 
diminished. Unfortunately the above measures have not in all 
cases been as effectual as was hoped, and individual efforts are 
still required to free a locality from the pest. 

The black-knot fungus may be destroyed while upon the tree, 
but the operation is tedious. The knots are painted with some 
liquid which will penetrate their interior, or form a coating over 
them which excludes the air. As early as 1855 spirits of turpen- 
tiney was used for this purpose. Kerosene was used in the same 
manner ten or fifteen years later, and linseed oil has been tried 
with apparent success. Kerosene and turpentine must be used 
with caution, for if a heavy application is made the branch be- 
yond the diseased point will be destroyed and I have seen young 
plum trees killed outright by a too free use of kerosene. Linseed 
oil can be used with safety. It is advisable to use some coloring 
matter, as the red oxide of iron or white lead, toshow what parts 
have been well covered. But the best way of disposing of the 
knots is to cut them out and burn them. 

Since the discovery of the fungicidal properties of some of the 
copper compounds the remedies which are effective in controlling 
other fungous diseases have, to a limited extent, been recom- 
mended for the prevention of black knot. Very few, however, 
seem to have tried the experiment. The only recorded case which 
I have found is that of Maynard.{ Certain plum trees were 
sprayed April 19 with a solution made by dissolving one pound 
of copper sulphate in twenty-two gallons of water. May Ig the 
application was repeated, but Paris green was added at the rate of 
one pound to five hundred gallons of the solution. This injured 
the foliage severely, so the Bordeaux mixture was used for later 
treatments which were made May 21 and 29, June 7 and 17, July 


* A copy of the New York law may be found on page 392, Bulletin 75 of 
this station. 

+ The Country Gentleman, 1855, p. 106. 

{ Mass. Hatch Agric. Exp. Sta. Bull. 11, Jan. 181, p. 19, 
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19 and 29. The conclusion reached was that “the number of 
warts was very decidedly less where treated with the copper mix- 
ture, than where untreated * * * and we believe that the 
plum wart may be held in check by this remedy.”’ 

In the spring of 1893 some experiments were begun with the 
intention of carrying on the work at least two seasons. A thicket 
of Morello cherry trees and sprouts was chosen for one field of 
operations. The plants were well covered with knots at the time, 
and these were all allowed to remain until the following year. 
The piece was divided into two nearly equal parts by cutting out 
the brush across a convenient portion of the strip. One part was 
treated and the other was not. The only fungicide used was the 
Bordeaux mixture. This was applied in 1893 upon the following 
days: March 29, April 18, May 6 and 30, and June 13. The 
trees were as well covered as could be done, but some of the parts 
were difficult of access. 

The work was continued in 1894, and after one application had 
been made all the knots were cut out. This was done April 25, 
and the knots from each portion were counted so that the relative 
number of branches in each portion could be estimated and a basis 
for comparison might be made when the knots should again be 
cut. They had been allowed to remain on the tree during the 
preceding year so that the chances for further infection should be 
as favorable as possible. At the time of their removal no marked: 
difference could be seen in favor of either portion as regards the 
relative abundance of the knots, although on the sprayed portion 
they may not have been quite so thick. 

The Bordeaux mixture was again used in 1894. It was applied 
to the same portion treated in 1893 and upon the following dates : 
April 9 and 25, May 21, June 6 and 27, July 10 and 20, and Aug- 
ust 1. This number of treatments gave the limbs and foliage a 
blue color which they retained until the leaves fell to the ground, 
and at this writing, December 3,the branches still show a decided 
coloration. 

Figure 5 represents the thicket as it appeared November 26 be- 
fore the knots were cut out after the summer’s growth. The illus- 
tration does not represent plainly the number of knots present, 
but it will be noticed that there are many more on the unsprayed 
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than upon the sprayed part. The line between the two plots 
passes across the page from A to &. The knots were all cut out 
after the photograph wastaken. ‘The appearance of the thicket 
after the operation is shown in Figure 6. It will be noticed what 
a large proportion of small branches has been removed from the 
unsprayed part. When the value of these branches is considered, 
the seriousness of this loss can be realized. The sprayed portion 
lost but a very small number of such twigs and is still in very 
good condition. The table below shows the numbers obtained in 
the spring and those removed in the fall. By the term “new” 
knots are meant those which appeared to have been produced by 
a new infection ; ‘‘old’’ knots are those which apparently grew 
from the mycelium which had not been removed when the knots 
were cut in the spring. 
April 25, 1894. 
Unsprayed portions, knots removed - - 2 2002 
Sprayed cs - : 1155 
November 26, 1894. 


Unsprayed portion, total number removed 3529—new knots 3466 
Sprayed oe ce ce cc 240 cc ¢ 165 


The above figures are full of encouragement. They show, not 
that the black knot fungus has been held under absolute control, 
(and what fungous disease is, ) but that it issusceptible to treatment. 
There was a large increase, nearly 57 per cent., in the number of 
knots cut in the fall from the unsprayed portion over those cut in 
the spring. Had the same proportionate increase taken place in 
the sprayed part, a supposition which must be allowed had no 
applications been made, the number of knots produced would 
have been within a fraction of 2000. Consequently, the 165 new 
knots should be compared with 2000, and not with 1155 as 
shown by the table. It must also be considered that this reduc- 
tion took place in the face of circumstances which had been made 
as favorable for the spreading of disease as possible. The 
sprayed portion had been covered with knots during the first 
year’s treatments. It was practically in contact with a large 
number of diseased plants. And finally, we are still in the dark 
as to the best time of making the application, for we do not know 
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with certainty when the infections take place, nor when the knot 
appears after infection has occurred. If this were known the 
matter would be considerably simplified, and still better results 
obtained. It would appear from the above that an orchard may 
be kept practically free from the knot if the trees are sprayed at 
the proper time. One or two treatments might be given before 
the blossoms open, and later applications probably need not be ~ 
made oftener than is required to co"trol the leaf-blight and the rot- 
ting of plums. If in addition to this the comparatively few knots 
which will undoubtedly appear be removed as soon as discovered, 
no grower need have much fear of this disease even though his 
trees be considerably exposed to infection from neighboring trees 
or thickets. The treatments which the above* experiment seems 
to justify me in recommending are as follows : 

First. During the latter part of March or early in April. 

Second. When the buds are beginning to swell. 

Third. During the latter part of May, or as soon as the new 
knots begin to show their velvety coating. 

Fourth. About two weeks after the third. 

Fifth and Sixth. At intervals of two or three weeks after the 
fourth, but these two will probably not always be necessary. 

The Bordeaux mixture may prove more valuable than other 
fungicides even in making the first applications, as it adheres 
better to the branches. It is probable that some of the above treat- 
ments may in time be dispensed with. Much will depend upon 
the season and upon the degree of infection to which the or- 
chards are exposed. 

It is scarcely necessary to add that all thickets, hedges, and 
useless trees which serve as breeding and distributing centers 
should be destroyed at the first opportunity. The species of 
Prunus mentioned on page 641 should be served in the same man- 
ner as useless cultivated plants, if they aid in the propagation of 
the fungus. In the end unceasing vigilance must bring its reward. 


*It is unfortunate that other experiments begun at the same time and 
carried on in a manner similiar to the above have failed to give results from 
the fact that no new knots formed upon either the sprayed or the unsprayed 
portions. The plum orchard of Geo. T. Powell, Ghent, N. Y., has been 
under treatment during two years, as well as other trees in the vicinity of 
Ithaca. Ali have failed to develop new knots. But the work will be con- 
inued-and it is hoped to make other reports in the future. 
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1. The black-knot of plums and cherries was first trouble- 
some in the Atlantic states. Page 637. 

2. Its presence west of the Alleghany mountains seems to be 
due at least in part to plants introduced from the eastern states. 
Page 637. 

3. The first swelling of the knot occasionally begins in the fall 
but is generally first noticeable in the spring. Page 638. 

4. The young, growing knot is yellowish brown in color, but 
this color changes to black as the season advances. Page 638. 

5. Knots most commonly form in the forks of young branches, 
at the union of the growths of two seasons, and upon the small 
spurs which commonly bear the fruit. Page 640. 

6. The cause of the black-knot is a fungus, Plowrightia mor- 
bosa. Page 641. 

7. -The fungus produces from each knot one crop of spores 
during the early part of the season, and another during midwin- 
ter, after which the central portion of the knot dies. Page 641. 

8. Black-knots are very generally infested by insects, but these 
are not the cause of such swellings. Page 641. 

g. The time in which the spores produced by the fungus gain 
an entrance into the branches is not definitely known, but it 
seems probable that this occurs soon after the ripening of the 
spores. Page 642. 

10. ‘The manner in which the spores penetrate the outer tissues 
has not yet been observed; but the fact that the layer of cork is 
thinnest, or entirely wanting, in those places in which the greater 
number of knots are found leads to the conclusion that the fun- 
gus can penetrate the outer tissues at these points, but cannot 
enter at all places. Pages 643, 644. 

11. Knots found upon old wood first obtained a foothold 
upon younger wood, from which they spread to the older parts. 
Page 646. 

12. Many remedies for the black knot have been suggested 
but none have proved to be efficient. Page 647. 

13. The most generally recommended preventive measure is 
to cut out the knots and destroy them. ‘This work should be 
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done as soon as the knot is observed, and if well carried out it is 
an excellent method of exterminating the disease. Page 647. 

14. Since fungicides have come into use,spraying for the black- 
knot has been recommended. Page 648. 

15. The conclusions drawn by Maynard from the experiments 
of one season recorded by him were that ‘‘the number of warts 
was very decidedly less where treated with the copper mixture, 
than where untreated. * * * and we believe that the plum 
wart may be held in check by this remedy.’ Page 649. 

16. A thicket of Morello cherries which had been treated dur- 
ing two seasons by this station produced only 165 new knots, . 
Page 652. 

17. From another portion of the same thicket which had not 
been treated there were cut 2002 knots on April 25, 1894. On 
November 26 of the same year this portion yielded 3466 new knots, 
an increase of nearly 58 percent. Page 652. 

18. Had the sprayed portion remained untreated it may be 
supposed that a similar increase would have taken place in this 
part, making the assumed number cut within a fraction of 2000. 
Page 652. 

19. The reduction of the number of knots from 2000 to 165, 
considering the present state of our knowledge, and the conditions 
under which the experiment was carried on, are encouraging, and 
point to a final control of the disease. Page 652. 

20. Some of the applications which now appear necessary for 
the control of the black knot are to be made when other diseases 
require treatment. This necessitates but little extra labor in 
spraying for the prevention of the knots. Page 653. 

21. The spraying of plums and cherries to protect them from 
the black-knot fungus, as statedon page 653,can be carried on with 
profit in all sections where this disease threatens to interfere ser- 
iously with the profitable cultivation of these fruits. 

E. G. LoDEMAN. 


FORMULAS. 
BORDEAUX MIXTURE. 


Copper sulphate io. .7.5. tins ssccsconssesetecdueecntaas es astauctr eee 6 pounds 
ADUMICKMIMIS soi sas cae Sestowne.ctes saelsmny ges wdaneeomeieenios Saee st: eee eee riggs eet 
WALED eaiecta ceca dertottions sn s0)5.03/ ses cc ale cab seweent asim sees iseetaene 40 gallons 


Dissolve the copper sulphate by eaten it in a bag of coarse cloth and 
hanging this in a vessel holding at least 4 gallons, so that it is just covered 
by the water. Use an earthen or wooden vessel. Slake the lime in an equal 
amount of water. Then mix the two and add enough water to make 4o 
gallons. It is then ready for immediate use. For rots, moulds, mildews, 
and all fungous diseases. 


AMMONIACAL COPPER CARBONATE. 


Copper (Carbonate \.cc. ces -setenare) stseane eelsaeneeeer eases eee I ounce 
A HAOMIA A. 5 :/F. ieee: Sasuoae pe speunessaeen! enough to dissolve the copper 
Water. .ccios coe cetisessssseadustenuded veaerdonsed acs penne cet-poe ses heen neem 9 gallons 


The copper carbonate is best dissolved in large bottles, where it will keep 
indefinitely, and it should be diluted with water asrequired. For same pur- 
pose as Bordeaux. 

COPPER SULPHATE SOLUTION. 


Copper Sulphate 22: :.<c.c-njn0. ceeaneee0>s0npenaserenpeeaess epee I pound 
IWALED ec. Saicetinendinde: sanviceisuan nev igcases «sdb veneeh) psec eee enn 15 gallons 


Dissolve the copper ania in the water, when itis ready for use. This 
should never be applied to foliage, but must be used before the buds break. 
For peaches and nectarines use 24 gallons of water. For fungous diseases. 


PARIS GREEN. 


PAtis STECH t=. 5.¢xscae0 dears rateenens _ccocinseshsine stereeRe sats I pound 
WAC eacit is shiucice: Gediuepicae sues tensivoagcenatics ceeee toes oe een eee 250 gallons 


If this mixture is to be used upon peach trees, 1 pound quicklime should 
be added. Repeated applications will injure most foliage, unless lime is 
added. aris green and bordeaux can be applied together with perfect 
safety. The action of neither is weakened, and the Paris green loses all caus- 
tic properties. For insects which chew. 


LONDON PURPLE. 
This is used in the same proportion as Paris green, but as it is more caustic 
it should be applied with the lime, or with the Bordeaux mixture. Do not 
use it on peach or plum trees. For insects which chew. 


HELLEBORE. 
Bresttwihite ‘Helle bore \.....:0...is. saps +ses sy a<asneasednasant ees ae I ounce 
WALET iin anes sierestnursta.tcc ss descr s>ascmenmeecsesens et coe ne eae 3 gallons 
Apply when thoroughly mixed. For insects which chew. 


KEROSENE EMULSION. 


BEABIASOAD 52 aon iaswoses <sasenccisdawsae de iceasnceasicbenssr cee ane ¥% pound 
PSO MITES WWALCE oo ocsocnccssescericesse sacasnectevececee costae tanta aan I gallon 
RMEIEA TIED. Panis c on0)s ss celon lo ca nns'enn scadadedads saee seats ea Tastee ee 2 gallons 


Dissolve the soap in the water, add the kerosene, and churn with a pump 
for 5-Io minutes. Dilute ro to 15 times before applying. For insects which 
suck, cabbage worms, and all insects which have soft bodies. 
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EXPERIMENTS WITH TUBERCULIN ON NON-. 
TUBERCULOUS COWS. 


On October 28th, 1894, the following cows were set apart for 
this experiment : two Holstein cows and one Jersey in full flow 
of milk, being about six weeks after calving, and two dry, farrow 
cows of common stock, one pointing to a Short-Horn ancestry and 
the other to a Devon one. Meanwhile observations on the milk of 
three other cows, two Holsteins and a Jersey, about the same 
length of time after calving, afforded a fair comparison between 
cows treated with tuberculin and others under similar conditions 
but without such treatment. 

The first five cows to be tested with tuberculin, each received 
in proportion to its size, a full dose of tuberculin weekly and the 
temperatures were taken before the injection for the normal 
standard and about every two hours from about the ninth to about 
the twentieth hour after each tuberculin injection. 


TEMPERATURE. 


The tested animals were treated like the rest of the herd with 
the single exception, that in order to take the temperatures, they 
were tied up in the stalls for twenty-four hours on each occasion 
for testing, while the others were at liberty under an enclosed shed 
except when tied up for feeding and milking. The prolonged 
standing on hard boards, led on each occasion to congestion of 
the feet of the Holstein cow Mabel, which weighed 1455 lbs., 
but as this invariably took place under similar circumstances and 
apart from the injection of tuberculin, the slight rise of tem- 
perature on each occasion of testing is abundantly accounted for 
from the condition of the feet alone. This conclusion is further 
confirmed by the fact that, excepting in cases in which she was 
turned out in the afternoon to relieve her tender feet, the tempera- 
ture went on steadily increasing to the last. This was notoriously 
the case in the three last tests of the series (Nov. 28th, Dec. 7th, 
Dec. 12th). Ona previous occasion Mabel had been tested in 
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company with the entire herd and stood the test satisfactorily. 
Even in the present series of tests, this cow (with one exception) 
never rose more than two degrees above her initial temperature 
taken when that particular test was started, and she only 
rose nine-tenths of a degree above 102F.°, which may be set down 
as the normal standard temperature of a cow in full milk, highly 
fed and kept indoors. ‘Taking into account the variations in 
healthy cattle from one time of the day to another, this rise of 
less than one degree above the general standard implies nothing. 

The exceptional case was on Nov. 9th and loth, when Mabel’s 
temperature rose to 104° and that of the Short-Horn grade to 
104-3°. Taken by itself this test might have been misleading, 
but in connection with six other tests (in case of Mabel seven) 
made both before and after this, with the same dose of tuberculin 
and with no such resulting rise, it can safely be set down to acci- 
dental conditions. The real cause was not clearly made out, but 
it is probable that it was chargeable on exposure in a cold draught. 
Both cows stood on separate ranges close to the east door of the 
barn, through which the manure had to be forked out, and with a 
cold east wind entering by that door, and blowing on cattle that 
had been shut up ina warm building over night, a slight chill 
was to be expected. 

The Jersey, Dazsy, never rose above the normal standard of © 
102°, excepting in the first test and then only to 102.3°—too lit- 
tle to furnish even a suggestion of tuberculosis, no higher than 
we find in many well fed healthy cattle. 

The Holstein, Be/va, on two occasions rose to 102.5°, half a de- 
gree above the normal standard, but which is often attained to in 
health, and apart from the tuberculin test. Moreover on five other 
tests both before and after these she did not show a rise over 102° 
so that the less suspicion should arise from this insignificant ele- 
vation. 

The Devon grade cow in different tests had her temperature ele- 
vated to 102° and on one occasion to 102.6°, a little more than 
half a degree above the normal, and which, as already said is 
found in the healthiest cows. 

The Short-Horn grade had a fever temperature on one occasion 
apparently from a chill as already referred to. In her first test it 
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rose to 102.6° as did also the Devon grade on the same occasion. 
This may be explained partly by the fact that both had been 
driven a distance of seven miles the day previous causing much 
excitement, and followed by the excitement induced by coming 
into a new place and herd, and among new people. 

One other point should be named as affecting the temperatures 
of all the test animals in the early forenoon and late afternoon. 
The whole herd was put in the barn for feeding and milking, from 
five to seven in the morning and from three to six in the after- 
noon, so that at these hours the place was crowded and the distur- 
bance greater. Elevations of temperatute of a degree and under 
occurring at such time, and as repeatedly seen in the tested ani- 
mals are thus accounted for. Such elevations do not show the 
persistence and the slow gradations of rise and fall which we 
usually see in the rise caused by the tuberculin. 

Taken all in all then there is nothing in the records of tem- 
perature that would indicate, either at the time of the test, or 
later, that the tuberculin had proved in any way inimical to the 
general health. Had the health been impaired by the repeated 
operation of the tuberculin it might have been expected that the 
constitutional disturbance would have been more distinctly 
marked in the later tests than in the earlier ones, and as no such 
tendency is observable it may be safely concluded that so far as 
illness can be indicated by a variation of temperature, test doses 
of tuberculin, in the absence of the bacillus, does not seem to pro- 
duce any such illness in the healthy animal. 

It has been alleged that the repeated use of tuberculin on ani- 
mals slightly tuberculous, abolishes the tendency to reaction 
under the use of this agent. If this were true it would argue 
rather a curative than a malific action of the tuberculin, but in 
other experiments, I have found the second test made a week or 
more after the first to produce a no less marked reaction, so that 
this alleged tolerance need not be taken into account in the cases 
before us. 


RESPIRATION AND PULSE. 


As regards the record of the pulse and breathing given in the 
tables it is sufficient to say that they furnish no real indication of 
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a deviation from the most perfect health. In cattle pulse and 
breathing vary ‘so widely under different conditions of the 
environment, digestive organs, exercise, etc., that it would take 
very much greater variations than those given in the tables to 
give true indications of disease. 


MILK RECORD. 


The milk record may be accepted as a more sensitive test of 
constitutional injury than temperature, breathing or pulse. It is 
also farther reaching than these other indications, as it involves 
a healthy exercise of all the bodily functions, and above all those 
of appetite, digestion, assimilation and secretion. An appreci- 
able disturbance of the health at any one point will usually be 
manifested in this delicate balance in a variation of quantity or 
quality of the milk. 

Belva. ‘Taking the milk record of Belva as given in table VI, 
we find that the milk yield in the twenty hours following the 
injection of the tuberculin shows no constant nor striking differ- 
ence from that of intervening days. The highest yield per day 
(42.25 lbs.) was on the fifth day succeeding the third injection 
of tuberculin, and on each of these five days the yield was from 
two to five pounds above the average. The lowest yield per day 
(31.5 lbs.) was on the fourth day after the first injection, while 
the preceding day’s yield had been over a pound above the aver- 
age, and the two days following the injection had been respec- 
tively two and three pounds below. 

What is more significant is that the average yield of milk for 
the days following the seven injections of tuberculin is practically 
the same as the average yield for the whole 47 davs included in 
the experiment. This may be stated clearly in tabular form thus: 

Average of the seven days following the injections of tubercu- 
lin 37.257 lbs. : 

Average of the forty-seven days for which the milk record is 
given 37-247. The difference is 0.01., and isin favor of the days 
when the system was charged with the dose of tuberculin. 

Daisy. ‘The milk record of Daisy given in Table VII shows a 
great difference in the yield on different days, but no constant re- 
lation between the low daily yield and the days when the tuber- 
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culin wasinthesystem. On the first, second, and fourth occasions 
in which the system was charged with the tuberculin the milk- 
yield was above the average, whereas on the third, fifth, sixth 
and seventh occasions it was below. The highest daily yield 
(22.25 lbs.) was on the day in the evening of which the first in- 
jection of tuberculin was made, and the second highest (21-5 lbs.), 
only three-fourths of a pound less, was on the day after that in- 
jection. The lowest daily yield (15 lbs.) was on the day when 
the last injection of tuberculin was in the system, and when be- 
sides the cow was in heat. ‘This low yield was also reached on 
the day preceding the second last tuberculin injection (the ninth 
day after an injection), and also on the succeeding day when the 
system was charged with this second last injection. This low 
record could not be justly charged on the tuberculin injection 
seeing that it was already reached the day before that injection. 

Daisy, like the rest of the herd, was falling off in milk during 
the experiment, and her average when charged with tuberculin 
suffers on account of her having reached her lowest mark on Dec. 
7th on the evening on which a dose of tuberculin was given, and 
further, that on Dec. 13th the day of the last test, her milk shrank 
because she was in heat. Taking the seven tests the averages 
stand thus : 

Average of the seven days following the injections of tuberculin 
17.82 lbs. 

Average of the forty-seven days for which the milk record is 
given, 18.26 lbs. This shows a difference of less than half a 
pound daily on the average against the tuberculin. If we leave 
out the last injection (Dec. 13th) when the cow was in heat, we 
find that the average yield per diem for the six days during which 
the cow was charged with tuberculin is slightly above the average 
for the whole forty-seven days of the trial. 

Molly, Freda and Bertha. ‘These cows were not injected with 
tuberculin and their milk records have been introduced to show 
that the daily oscillations in the yield and its progressve diminu- 
tion in the main during the forty-seven days, was common to the 
whole herd and in no sense peculiar to the three cows that had 
been treated with tuberculin. The gradual failure can be seen 
in the tables. It may be more clearly shown by placing side by 
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side the general average for the first four weeks and the average 
for the last two weeks and five days. 
Average for Ist twenty-eight days: 


Belva Molly Freda ' Daisy Bertha 
lbs. Ibs. lbs. lbs. lbs. 
38.10 41.31 43.51 19.23 28.46 

Average for last nineteen days: 

Belva Molly Freda Daisy Bertha 
lbs. lbs. lbs. lbs. lbs. 
36.00 42.87 — 40.51 16.76 26.13 
—2.10 +1.56 —3.00 —2.47 —2.33 


Molly has gone on improving but the others show a very de- 
cided falling off which is greater in the noninjected Freda than in 
the injected Daisy, and greater in the uninjected Bertha than in 
the injected Belva. 

Oscillations. ‘The variations above and below the general -aver- 
age for each animal injected and not injected with tuberculin will 
be very clearly seen by glancing at the tables giving the graphic 
illustration for two Holsteins and two Jerseys (Tables VIII and 
IX). In figures they may be shown as follows: 

Belva. General average per day 37.247 Ibs. Highest per day 
42.25 lbs. Lowest per day 31.50 lbs. 

Freda. General average per day 41.78 lbs. Highest per day 
47.50 lbs. Lowest per day 34.50 lbs. 

Daisy. General average per day 18.26 lbs. Highest per day 
22.25 lbs. Lowest per day 15 lbs. 

Bertha. General average per day 27.01 lbs. Highest per day 
33-5 lbs. Lowest per day 23 lbs. 

Molly. General average per day 41.19 lbs. Highest per day 
48 lbs. Lowest per day 33.5 lbs. 

The extremes it will be observed were actually greater for the 
cows that were not treated with tuberculin than for those so 
treated. Among the Holsteins Be/va had a variation amounting 
to 10.75 lbs., Aveda one of 13 lbs., and Molly one of 14.5 lbs. 
Among the Jerseys, Dazsy had a variation of 7.25 lbs. and Bertha 
one of 10.5 lbs. Extreme variations in the yield of milk then 
cannot be charged on the action of a test dose of tuberculin in- 
jected into a healthy animal, nor of a series of such test doses 
administered at intervals of a week. 
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PERCENTAGE OF BUTTER-FATS IN THE MILK. 


Before dismissing the .milk it is desirable. to consider how the 
ratio of butter-fats is affected by repeated test doses of tuberculin 
injected into a healthy animal. A study of the tables given below 
will fail to establish any connection between the presence of a test 
dose of the tuberculin in the animal body, and any increase or 
diminution of the fat in the milk. The Holstein Be/va had her 
highest percentage of butter-fat (3.6) October 20th, ten days be- 
fore the first injection of tuberculin. Her next highest record 
(3.4) was Dec. 8th while under the action of tuberculin. Her 
lowest record (2.8) was Dec. ist, two days after the operation of 
a dose of tuberculin. Her variation (0.8) is only a little more 
than that of the untreated cow Freda (0.6), and only about half 
that of Molly (1.5). The Jersey Dazsy also made her highest per- 
centage (5.6) October 20th and her lowest (4.8) December 8th 
when under the action of tuberculin. But she made her second 
highest (5.55) Nov. roth when under tuberculin and an equal 
record Nov. 17th two days after the operation of a dose of tuber- 
culin. Her greatest variation was 0.7 per cent., whereas, that of 
the untreated cow Bertha, was 1.15 per cent. 

There is therefore no change in the percentage of butter-fats 
sufficient to indicate any disease or ill-health as the result of the 
administration of repeated test doses of tuberculin. 


EHFFECT ON BODY WEIGHT. 


The weight of the animals varied so little during the experi- 
ment that it might be said to have remained stationary. The re- 
cord is as follows : 


October 30th. Dec. Ist. Decwrethe Jan.5th, 1895. 
Belva, 1264 lbs., 1305 lbs., 1405 lbs. 
Mabel, PARE ey 1540 ‘' La7On 
Daisy, 945 “ 950 * O05; = 
Short Grade Horn, 162054 1020 lbs., TO25 /'t 
Grade Devon, 895 “‘ OLSi ri SOTOSE: 


Considering that a variation of 50 lbs. in the weight of a cow 
may occur in a few hours according as it is taken before or after 
feeding and watering or milking, there may be said to have been 
no change excepting in the case of the two Holsteins in which 
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there is shown a gain of 141 lbs. and 115 respectively. It is 
worthy of notice that the last weighing, which makes the highest 
record was made three to four hours after the morning feeding, 
and (in the case of the three first cows) of the morning milking. 
‘The two dry cows had been watered but had not been fed on the 
morning of the last weighing as they were just about to be killed. 

It may be concluded that the repeated test doses of tuberculin 
had in no injurious way affected assimilation and that, in the 
two Holstein cows, it had not prevented a perceptible improve- 
ment in this respect. 


POST MORTEM EXAMINATIONS. 


To complete the record the two farrow cows were killed 
Dec. 5th, 1894, and subjected to careful necropsy. In the main 
the viscera were sound. The shorthorn grade had pus in each 
of the left quarters of the mammary gland in the milk sinus, the 
walls of which were red and thickened. When stained and 
placed under the microscope, the pus showed numerous cocci but 
no bacilli. 

As is usual in old cows, the groups of lymphatic glands in the 
intermaxillary and pharyngeal regions, in the chest, the abdo- 
men, the subcutaneous and intermuscular regions were pig- 
mented of a dark grayish color, varying at different points but in 
no case showing molecular degeneration, coagulation-necrosis 
(casseation) nor even perceptible congestion. In the shorthorn 
grade the lymphatic glands behind the diseased mammae were 
considerably enlarged. 


EXPERIMENTS AT THE U. S. BUREAU OF ANIMAL 
INDUSTRY. 


In the ‘‘investigations concerning bovine tuberculosis 1894,”’ 
Dr. Schweinitz records the effect on the milk of two healthy cows 
one of which received one dose and the other three successive 
doses of tuberculin. The dose on each occasion was 2 cc. for 
each cow and as they were common stock it may be infetred that 
it was a full dose considering the probable weight of the animals. 
Of variations in temperature it is enough to say that there was no 
more than would occur in the best of health. The analysis of 
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the milk is given in table XII from which it will be seen that the 
single test of cow No. 113 there was a slight reduction of the 
total solids, and of the different constituents such as sugar, 
albuminoids and fat. The second cow, No. 217, tested three 
times under tuberculin and once on five successive days without 
tuberculin gives a more trustworthy basis for estimating the effect 
of that agent. It will be observed that on April rst under the 
tuberculin there was a slight decrease of the total solids (0.45), 
on April 13th under tuberculin a still larger decrease (1.26), but 
on June 5th under tuberculin there was an increase (1.01). On 
June rith to 15th without tuberculin there was a variation in the 
total solids of 1.99. 

Then as to the milk sugar, 217 showed a percentage reduction 
of o.1 April 1st under tuberculin and of .61 April 13th, but no 
change whatever June 5th though again under tuberculin and no 
change June 11th to 15th without tuberculin. 

Of albuminoids 217 showed a percentage reduction of .07 
April 1st under tuberculin, but an increase of .13 April 13th and 
.61 June 5th. In the absence of tuberculin it showed a variation 
of .42 June 11th to 15th. 

In fat, No. 113 had a decrease in her single test, while 217 had 
an increase in all cases under tuberculin .31 April 1st, .13 April 
13th, and .86 June 5th. In the entire absence of tuberculin June 
rith to 15th she showed a variation of .51. 

With such a testimony it would be disingenuous to claim, any 
constant or appreciable variation as the result of the injection of 
a test dose of tuberculin, into a healthy animal even if such dose 
were repeated several times. So far as there is evidence before 
us, everything points to the harmlessness of a single test dose on 
a sound animal system. JAMES LAw. 


Cornell University, Ithaca, N. Y.., 
January 8th, 1895 
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TABLE I. 


IN FULL MILK. 


Before Injection. After Injection. 
hes ay ut : : “ las “ 
a : ais wm ey . ry wie 
ee yen eae oe |S Nee ga os! = ates 
Br OV v See One O a) uv 3 Op ao a) = S 
See Ze a &@ CA Mole % Mem wee; || = % aq ie) 
Oct. Deg. p. M. |Deg. a.m |Deg. A.M 
30-31 IOI gom =9:45 [102.1 6:45/ 101.5 30 72 g:15 
Nov. Pp. M. A. M. A.M. 
g-I0 101.3 30m 10:00 101.8 16 7:00| 100, 2 13 9:30 
P.M. A. M. A.M. 
14-15 IO! I5 30m 10:30 IoI 6 18 7:30| 100 8 16 9:30) 
A. M. P. M.| P.M. 
23 IOI 24 gom 7:00 IOI.5 16 2:30 I01.6 21 4:00, 
P.M. A. M.| A.M. 
28-29 100 13 30m 10:15 I01.8 18 7:00 100.5 14 g:15, 
Dec. A.M. 
7a=seetOr5 620). . ZOitll "X0:30'/T0L.5 21 72 7:30 100.4 12 72 10:00) 
12-13 100.8 20 63 30m 10:30 |I01.5 16 7:15 101.4 16 j 10:15, 
TABLE II. 


ACTION OF TUBERCULIN ON HOLSTEIN Cow MABEL IN FULL MILK. 


28-29 I01.5 14 
Dec. 

7-8 tI01.4 18 
12-13 102 24 


a ; 
Oren 
w OV ow C7) 
Siac ee 

Oct. Deg. 
30-31 100.9 
Nov 

g-10 I01 4 
14-15 I0O1 23 


Before injection. 


/Pulse. 


63 


After injection. 
u } j 3 | 
go¢2 |) ¢ & 5) 0 
350 0 v vo = ° (7) v 3 ° 
H°AR © a 4 fe ls a C4 a 
P. M. | Deg. A.M. Deg. A.M. 
31m 99:45 | loo g 9:45 102.6 28 Q:I5 
P. M. A. M. 
31m 10:00 | 102.8 18 7:00 104 22 9:30 
P. M. A.M. 
31M 10:30 | 101.5 18 6:46 I01.9 16 8:30 
A.M. P.M. P. M. 
31m 7:00 | 102 18 2:30 102.5 21 4:00 
5p ea A. M.| A.M. 
31m 10:15 | 102 21 7:00 100.9 16 9:15 
| A. M. A.M. 
31M 10:30 | 102 20 7:30/101.6 24 si 10:00 
A. M.} A.M. 
31m 10:30 | 102.6 18 7:15| 102.6 24 fea IO:IS 
TABLE III. 


ACTION OF TUBERCULIN ON JERSEY Cow Dalsy; CALVED SEPT. 12, 1894. 


es F 
CEE ia 
aor OV u 
ae ZH % 
Oct. Deg 
30-31 101 
Nov. 
g-10 I0[ 
I4-I5 100.8 21 
22-23 101 18 
28-29 101 15 
Dec. 
AOR eLOL. 5 27, 
12-I3 I01.3 29 


72 


Before injection. 


After injection. 


10;00 101.6 
P.M. 
10:30 101.8 
P.M. 
10:20: IOI.5 
P.M 
10:15 |I01.7 


10:30 |101.8 


10:30 |IOI.7 


o u a C 7) u 
mele | 3. aa 
a he Po i oo 
A. M.| Deg. A. M. 
6:45 101.5 30 wie Q:15 
A.M.! 
72 7:00 100.8 12 9:30: 
A. M. 
6:45 100.9 9 9:30 
A.M.) A.M. 
7:00! IOl 15 66 9:20 
A. M. A.M. 
7:00) 100.5 16 Qu15 
A. M.| A.M, 
54 7:30| 1c0.9 18 62 10:00 
A. M.| 
7:15) 100.3 18 60 10.15) 
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TABLE I. 


CALVED SEPTEMBER I6TH, 1894. 


AFTER INJECTION— 


a . o * ro¥ vu H a oO H a ra 

Te ee eg fee Se eat Wine na ne er 

Bin uM isha: 3 i  - H 4 A H % is) 
Deg. A. M.|Deg Pp. M.) Deg Pp. M.|/Deg P.M 
Ior.5 30 60 = 1£1:25/102.3 I5 I:45|I0Il.9 20 69 4:15|10 6:45 

P. M. P.M. 
101.5 II:30|}101.7 17 2:00/101.4 18 4:00) LOL 20 6:30 
| P. M. P. M. P.M 
Ior.2 16 11:30|10f.5 I5 1:00/t01.8 13 3:00] 102.5 20 5:00 
P. M.| P. M, 
I0I.5 17 7:00) IOI 15 10:00 
/ A.M. P.M. P.M. 
IOI 16 If:45,101.9 20 60 2°00) 102,55) 0A) alee 4:00 
P. M. P.M. PuM. 
100g 20 60 12:10 101.8 16 66 g:00|T0I;6) 20)... 4:45 
P, M. P.M. Pp. M. 
teem 1G) GO) © “12. T5|YOI.64/) 18" + 5 ZT 5| TOL 7 askew rs 4:30| Was in heat Dec. 11th 
TABLE II. 
CALVED OCTOBER, 1894. 
AFTER INJECTION— 

a : j : a a a : 

Bt ae aii be ee ae mae Sachets rh to 

uv uv C7) 

Bree ohn ony Be Se en He 4 & H m 9) 
Deg. A. M.| Deg. P. M.|Deg. P. M. Deg. P.M. 
TORO. A2i' 72 Th25)1O2b~ 42m, |. 1:45|102.2 26 72 4:15 I01.5 ee 6:45 

P.M. P. M.| 
102.8 26 L5:45]102.6 (28% 3, 2:00|TOR= 7) 22ers 4:00 101.5 19 6:30 
/ P.M. P.M. P.M. 
‘101.8 18 II:15| 102 Mee pc TeOO|TO2.2) 9 2T 0 sas 3:00| 102 20 5:00 
P.M P.M. 
102.2 24 7:00|102 22 10:00 
A.M. P.M. P.M Pp. M. 
I0Il.9 I4 BLAS ION 77) WTA i 2:OO0}L02;200 TS mes 4:00 102.5 24 5:20 
P.M. P. M. P.M. 
102.3. 20 T2tTa/TO2;/5 0G" 10 a 3:00|T02.6..5 12 4:45 
P.M. P.M. Feet sore from stand- 
S204 7 FO. . 60) 2 FSTSIOs 2.013: fe. 7 2:15|103 4:30 ing on boards. 
TABLE III. 
AFTER INJECTION— 
rat : : : 

Q . -j . [oF . Q . . 
Pte BR SN ee Oe Se BB os ae cea ee 

(7) yess (7) Ce ss ° 
phe, cB iin ces pd dy) Re erie ieee eee aes % a 
| 
Deg. A. M.| Deg. P. M.|Deg P. M.| Deg P.M 
|101.5 30 60 11:25]102.3 15 I:45|101.9° 20 69 4:15] 102 6:45 

P. M. P.M. 
TOXs2! « T7 I1:45|101.7. 20 . 2:00/101.8 22 .. 4:00] 101.2 r8 6.30 
P.M. P.M. P.M 
101 16 II:15|101 Sy eae T:00/ TOT; 21) 225 Se 3:00] 101.7 20 5:00 
A.M. P.M. P.M. P.M. 
100.8 15 LESZOWOT, SSesES aes 2°30 TOL. 50 7c nat 4:00) 101.3 24 7:00 
101.4 nyse 10:10 
A. M. P: M. P.M. 
heen 18 II:45|101.2 14 48 2:00 IOI TA) /4e, 3:00) 101.5 aes 5:20 
| P. M; P.M. aN : 
|I0r.3 22 68 12:10|101 20 60 3:00/Tor1.8 16 .. 4:45 
P.M. 
|100.7 30: Go (2:75i10r. Sle aos SEYSITOTES)| | aa ee Bh heat : took bull. 
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TABLE IV. 


ACTION OF TUBERCULIN ON GRADE SHORT-HORN Cow : NEARLY DRY: 


Before injection. After injection, 

a, 5 Lg = vu ro a ov ro 

es fe @ 2 gee eg) @ 8 2 

ag OF” v Si OO a) v | © o uv 3 © 

AR ZH 4% & HPA H 4 a © u m A | Oo 
\Nov. Deg. A. M. |Deg Pp. M.|Deg P-M 
3 TOO )S eee me 2Ott) 110530. )/TOL.2 20 5c 2:00| 102.3 17 se 4;00 
P.M A.M P.M. 
[NG=TOmtO2974 ten tes | 2O11!/T0:00) 10423 30 We 7:00) 103.7 22 9:15 
P.M. A. My 
|I4-I5 I01 16 54 28m 103 |tr0r 20 48 7:00| 101.7 20 56 9:30 

| P.M. 
22-23 100.6 21 . . 28m 10:20 {100.8 25 oes 7:00] 102 25 54 9:30 
A.M. 
28-29 Io1 16 43 28m 10:15 |101.3 20 44 7:00] 102 16 48 9:15 
Dec A.M. A.M. 
7-8 101.5 22 48 28m 10:30 |100.5 23 50 7:30| 101 22 42 - 10:00 
A.M A.M 
12-13 101.6 30 60 29m 10:30 |IOI.9 18 sis 7:15| 102.3 17 52 10315 
TABLE V. 


ACTION OF TUBERCULIN ON GRADE DEVON Cow: DRY: FARROW. 


Before injection. After injection. 
a : Lis| 7 a a o 
ee meeionce ae 8 | 6 Gi > a he Ve hae GS eae 
| BO o°g CF) 3s Us = (oe) i] ro) s ° Oo to) s ° 
'AS 46H 4 & 7A ©] aH m & H | H % aA 
Nov. Deg A. M. |Deg. P. M.| Deg P.M 
3 IO1.5 28 6:30 | 101 18 2:00!102.3 17 4:00] 
P.M A. M. A.M 
GS-10) PLOLA70 ee Sore acyl 10:00 |1o1.8 24 60 7:00 102.1 12 A g:I5 
P.M. A.M. 
\I4-I5 I01.5 18 62) 26 10:30 | 102.2 22 48 7:00/ 102.2 18 50 9:30 
P. M. | 
22-23 100.2 14 Eee 10:20 |101 15 ax 7:00) 102 II 48 Q:30 
P.M A.M 
28-29 101.2 II 50) 27, 10:15 |102 16 42 7:00 IO1.2 II 42 9:15 
Dec. A. M.| A.M. 
7-8 101.5 16 60 27 10:30 |101.8 23 60 7:30|102.3 24 60 10:00 
A.M. A. M. 
12-13 IOI 13 48 27 10:30 |IOI.7 14 43 7:15|IO1.1 17 48 10715 
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TABLE IV. 
FARROW. AFTER INJECTION.— 
[oY roy 
Simos abe | Ces ee Satna! (hep riet wo cn enn we eee 
oO vo 3 ° o eo  S CS) o ves ° oO Os C} 
= me = H mw Ay q H ma Ay q H ma A q 
|Deg. Pp. M |Deg. Pp. M. Deg. P. M.|Deg. P.M. 
OBO ne bse. 5:15|102 21 48 7O0\EOL.3) 613. AS goOjIor1.5 42 48 10:15 
A. M. P. M. Pp. M. Pp. M. 
ROB Sh etl zie ya's" TE720(/TO2:8 > “1B... 2:00, 103 22... 4:00/Io1 TO eee) 0:45 
P, M. P.M. P.M 
IOI 18 50 fs |LOT25) IZ) 42 I:00, 101.5 I6 54 3:00| 102 16 54 5:00 
A.M. Pp. M. P.M. 
102 15 60 11:30/101.6 18 60 2:30 102.4 20 48 4 00 
A.M. P.M P.M. P.M. 
Iol.g 15 48 It:45/01.5 18 52 2:00 101.5 16 46 4:00/|102 Wipe cx eee) 
P. M.| P.M. Pp. M. 
1or.3 16 - 58 12:10) 102 16° 52 3:00| 101.6 Spine AAS 
P. M. P.M. 
Io1.7 18 52 L215 LONG. 25. > «| 2:15|101.8 4:30 
TABLE V. 
AFTER INJECTION.— 
a. mal gs u ry ; a a 
en gas 8) Be BO a gt ene GS eae 
& Gy aS oe | a ee ell ee re 
Deg. Pp. M.|Deg. P. M.| Deg. Pp. M.|Deg. P.M. 
G2 OMS. wens) ©5:T511O2:0, Te 7O 7:00/I0I.g 14 64 g:oojro1.8 15 64 10:15 
A.M. P.M. P.M, P.M. 
102.2. II ane, LECZOWLONA “IO) oosfes 2:O0|LOL. At ert a ed OO OL 5 ami u mE esammOCA 
P.M. P.M. P.M. 
TO2'S os 12 AG ne al TOIsS) TA 48  1:00/101.7. 16 40 3:00/101.8 24 48 5:00 
A.M. P.M. P. M. 
102 18 44 11:30| 101.8 18 48 2:30/I01.5 12 49 4:00 
A.M P. M. P.M. P.M 
102.2 10 42 I:45|I01.2 14 4 2:00] IOI 18 46 4:00] IOI orje Rhee 5220) 
P.M. P.M. P.M. 
102 16 58 12:t0/r0o1.8 16 54) | Bi00)/ 10016.) “4a AcAG 
P. M. P. M. P.M. 
I0I.3 14 AA. “I2:05|1OV.SregtO ie 22305 |'10L:6) a eae 430) 


672 BULLETIN 82. 


TABLE VI. 


MILK RECORD OF BELVA, FOR_THE PERIOD OF THE TUBERCULIN TEST, 
AND OF Two OTHER HOLSTEIN COWS IN SIMILAR CONDITIONS APART 
FROM THE TEST. 


BELVA. MOLLY. FREDA. 
Calved Sept. 16th. Calved Oct. 4th. Calved Aug. 28th. 

Lbs, Lbs. Lbs. 
Oct. 28th, 40.5 39.5 44.5 
‘29th, 39.75 42.25 44.5 
< 3oth, 40.5 42.25 44.5 
Spee lbtys oS. 37-5 45 25 
Nov. ist, 34.5 40.75 36 
‘eons 3525 42.5 41.75 
eat) wail. 34.75 40.25 
aot ta £37 34-75 42.75 
Se upiaytel, #32 33-5 40.5 
{) — 6th,’ 36 35-75 41.5 
‘Sona ZED 635-75 37 45-75 
OLIN etS.25 40.5 47.5 
[SeQtn ess 40.5 46 
Se Oth, 25 41.25 43.5 
Se Tintin 30 41.5 42.5 
Cees tiate0;775 40.75 41.75 
“* 13th, 41,25 45-5 45 
“ 14th, 41.5 42.25 47 
bl ES tH A125 * 46.5 45-75 
“16th, 39.5 43-5 42 
 a7th, 40.75 45 43-75 
‘18th, “41 45 43.25 
[19th «42.25 48 * 43.25 
OU EEaS 42.5 42 
pmeaist,s 237575 43 41.5 
p22 37.25 44.5 37 ~~—~«served 
Setar.) (30-5 * 43-5 37-75 
vy 2qth, °37-75 40 37-5 
Se Sti. 36:25 38 34.5 
im ezotl, 34°25 38-5 35-25 
oem? olen 30.25 41 36 
Se 25th 35 4I 36.25 
Beton ng5. 41 39 
nemesOLe 3 4075 41.5 served 41.25 
Dec. Ist, 35-5 42.5 42.25 
peel) 33-75 42 41.5 
peraray, °25-75 41.5 42.25 
“< 4th, 34.75 38.75 40 
“5th, 38.25 42.25 43-75 
cp ALS) 1s aia °) 42.75 44.75 
ages 739:5, ” 43-75 45 
Peewee, 34.75" 43.25 42.75 
Pee OLBa tl 47225 43.25 42 
‘ Srothy 37-25 41.25 41.5 
GO Sci Gel albmne Cees 41.5 40 
roche 34.25, 42.25 40.5 
Ser yetgehy (37.25% 43 39-5 


* Indicates the 20 hours following the different tuberculin injections. 
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TABLE VII. 


MILK RECORD OF DaIsy, DURING THE PERIOD OF THE TUBERCULIN TEST, 
AND OF ANOTHER JERSEY COW UNDER SIMILAR CONDITIONS APART 
FROM THE TEST. 


DAISY. BERTHA. DAISY. BERTHA. 
Calved Sept. r2th. Calved Sept. 17th. Calved Sept. 12th. Calved Sept. 17th. 
Lbs. Lbs. Lbs. Lbs. 
Oct. 28, 20.75 29.25 Nov. 21, 18 30 
net29; 20:75 27.75 22, 19.25 OFF 
a GO 22.25 29.75 SOE i ie hey ser 26.5 
mores l, (20,575 26 SO QAR, 25-5 
Nov. I, 19 27.75 oe MDS 7, 26 
as 2, 20.25 27.25 "126, 18 23.5 
a 3, 19 26 OLB bri 23 +~=served 
2s 4, 205 26.75 Soee2OsELO 23 
a 1 27-25 24.75 ° “29, 18% 24.25 
Ae eG, LQ75 24 “30, 17 23 
ee 75 L775 26.25 Dee erie k7, 24.5 
BETS BT O.S 30.25 os 2210, 26 
ne 9, 21 30.25 Spare Yad 5 25-5 
Pe LO, ALOL25* 28 Ses AL RIT 24 
PBN 0 Oe oy 2725 SEO. 26.5 
Se ED. TS. 5 28.5 aE Oye Le7, 26 
ote sz. -20 29.75 ie er att 28.25 
te) TAs 19 27.75 COE Sites DUA 2755 
Ay Sey A 29 aa KALA 27 
1G, 19375 32.5 ‘€ 10, 15-75 24.25 
oy U7, 18:25 33-5 "11, 16:75 26.25 
Bee EO. TOS 30 eater ty, 27 
elo. 0725 30.75 ‘* 13, 15* served 26.75 
Hie 20;;°20)5 25-5 


* Tuberculin in system, the day following injection. 
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TABLE X. 


PERCENTAGE OF BUTTER-FATS IN MILK OF BELVA DURING EXPERIMENT ; 
ALSO IN HOLSTEIN Cows MOLLY AND FREDA NOT INJECTED. 


BELVA. MOLLY. FREDA. 
Oct: 20; 3.6 % 4.9 % 3.2 % 


27; 2.85 % 3.85 % 3.5 % Three days before Ist injection of 
tuberculin. 
Nov. 3, 3.2 % 4.25 % 3.55 % Three days after tuberculin in- 
jection. 
Ce ETO 3.2 % 3.8 % 3.35% Under tuberculin. Injected night 
before. 


Be Ge 3.3 % 3.75 % 3.2% Two days after tuberculin. 
UG 2 Soy. 2.9 % 365% aa One day after tuberculin. 
Dec. I, 2.8 % 3.95 % 2.95 % Two days after tuberculin. 
ue 8, 3.4 % 3-4 % 3.1 % ae tubers Injected night 
efore. 


TABLE XI. 


PERCENTAGE OF BUTTER-FATS IN MILK OF DAISY DURING TUBERCULIN 
EXPERIMENT; ALSO OF JERSEY CoW BERTHA NOT INJECTED. 


DAISY. BERTHA. 


Oct 13; 5.1 % 4.8 % 
“ 20, 5-6 % 4.45% 


Sc 27: 5.1 % 5.05 % Three days before Ist injection of tuberculin. 
Nov. 3, 5.3 % 5-05 % Three days after tuberculin injection. 
Some TO: 5-5 % 5.3 % Under tuberculin. Injected night before. 
cae e173 5-5 % 5-4 % Two days after tuberculin. 
Sear AQAy 5.4 % 4.25 % One day after tuberculin. 
Weey urs 5-05 % 5.1 % Two days after tuberculin. 
= 8, 4.9 % 4.85% Under tuberculin. Injected night before. 


TABLE XII. 


PERCENTAGE VARIATION IN THE CONSTITUENTS OF THE MILK OF HEALTHY 
Cows UNDER A TEST DOSE OF TUBERCULIN. 


Acidity. 

Total Albumi- Ash in Lactic 

Animal. Date. solids. Sugar. noids. Fat. milk. acid. 

No. 113, Mar. 31, PGi FAT 7.) 3.20" 2.540. 7 95 Before injection 

PenTia wAtios le 10.69 3.84 3.20 1.52 .696 After es 
e2t7 vate aii EOUGR ee TAN 7§ 2-90.) 21230.) 708 Before Gi 
ys t3r7) Apr. ‘1, 10.38 4.16 2.89 2.54 .700 After i 
Feiss Mitch 2; ET. 03) 4) (4.17. 1:20) 2-56) .68r Before s 
eS ea aan 8.) 9:77 3-57 1.39 1.53 -727 After 55 
“Ss. 297; May3I, T2503 Ae LO) 2:52) 1254S 7 Er Before rf 
Pecce 207s Meeks 10.25 4.16 2.29 1.27 .666 ss cs 
G01 31 ane sae A 11.26 4.16 2.70 2.03 .688 .176 After oe 
COME oe arate. 107 = 7-16. 4.17 2/03. 4590 No sf 
OSA ym OF 8 10.82 4.16 3.83 1.52 .692 as = 


NOS d Uy fe CA eo Rie gO ne As LG) 9370702102 6757 f 
A tah lis Hs 11.62 4.16 4.25 2.03 .767 be ee 
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CORNELL UNIVERSITY, ITHACA, N. Y., Dec. 20, 1894. 
THE HONORABLE COMMISSIONER OF AGRICULTURE, ALBANY. 


Sir: Probably the most serious enemy which has appeared in 
New York orchards in many years is a scale insect, which at- 
tacks plums and some other trees. It is not known how long the 
insect has been a resident of the state, but it has not attracted the 
attention of orchardists until within the last year or two; yet even 
now it threatens the entire destruction of thousands of trees in the 
counties of Niagara, Monroe and Ontario. The full life history of 
the insect is not yet understood and its scientific name is not de- 
termined; but Mr. Slingerland has made a careful study of it 
during the summer and has discovered enough of its characteris- 
tics to enable him to give competent advice for its destruction. It 
can be destroyed by persistent spraying between now and spring. 
This bulletin is essentially a report of progress in the study of this 
scale, and in order to aid the reader in distinguishing it from the 
San José scale, which has recently appeared in the state, an illus- 
tration of the latter insect is inserted. The bulletin is approved 
by Professor Comstock. The whole account is submitted as a 
bulletin in compliance with Section 87, Chapter 675, of the laws 
of 1894. L. H. BAILEY. 


THE SAN JOSE SCALE. 

1, Infested branch ; 2, infested leaf; 3, pear, bearing a few of the 
scales ; 4, female scale—enlarged ; 5, male scale—enlarged. 
(Adapted from report of W. G. Klee, 3d Rept., Cal. 

Bd. Hort.) Inserted for comparison with the 
western New York plum scale, described 
in the following pages. 


A PLUM SCALE. 


Lecanium sp. 
Order HEMIPTERA; family Coccipé. 


Heretofore, the scale insects have played but a very small part 
in the havoc annually resulting from the attacks of insect pests 
in the northern and eastern parts of the United States. In the 
extreme western (California) and southern (Florida and Louis- 
iana) states, however, most of the energy expended by fruit 
growers in combating their foes has to be directed against this 
class of insects, which there take first rank as pests. But, during 
the past year, two scale insects appeared in such numbers in some 
of the northern and eastern states as to greatly alarm fruit 
growers. One of these is the dreaded San José Scale (4 spzazotus 
perniciosus) of California, which has recently appeared in our 
state, especially on Long Island. Figures of this pernicious scale 
are given on the preceding page to familiarize fruit growers with 
its appearance, and also more especially for comparison with 
those of another scale which now threatens the plum indus- 
try. This latter scale has doubtless been present in eastern plum 
orchards for years, apparently awaiting certain conditions that 
seem at last to have occurred in certain localities, but more 
especially in western New York. 

The past year, several of the Jargest and finest plum orchards 
in our state have suffered severely from this plum scale. In one or- 
chard of over 2000 trees, one fourth of the immense crop was not 
worth picking and most of theremainder was badly damaged. But 
still more alarming than this isthe fact that there are morethan 50,- 
ooo of the best plum treesin western New York, which, at the present 
moment, are harboring millions of these scales; and unless these 
are destroyed this winter or in the spring, they will literally over- 
run these trees with such dire results as we scarcely dare predict. 
In short, the indications are that if this pest is allowed to begin 
work in full force in the spring of 1895, it will soon ruin some of 
the finest plum orchards in the state. 
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Our study of this new pest has not progressed far enough to 
enable us to present a complete account, but fortunately the work 
has reached a stage when we can confidently recommend an effec- 
tive method for checking the insect before another season opens. 
We feel that the gravity of the situation demands that the fruit 
growers be made acquainted at once with the facts already learned. 


THE INSECT’S APPEARANCE. 


Fortunately, the larger, conspicuous, brown, dead scale or shell 
of the mature female insect is present on infested rees during the 
whole year, thus enabling fruit growers to tell at any time wheth- 
er the pest is in their orchards or not. The illustration on the 
front of this bulletin shows many of these dead scales natural size 
as they appear on the branches. They are very conspicuous ob- 
jects, as the figure shows, and may be easily found and recogniz- 
ed wherever they occur. They remind one of small halved peas 
colored dark brown and stuck on the branches. Beneath these 
dead scales the bark presents a white scar of the exact shape of 
the outline of the scale; these spots remain white for a long time 
after the scale is removed. 

In April and May the living female insects resemble the dead 
scales shown in the figure on the tit e page, but they are soft to 
the touch and often striped with yellow. In June, after egg-lay- 
ing has ceased, they become firm, smoother, lose their yellow 
markings, and are then simply a dark brown shell. If this shell 
be then turned over, it will be found full of the minute white 
eggs of the pest. After July 15, the dead scales contain noth- 
ing but a white dust consisting of the empty egg shells. Although 
these brown shell-like remains of the mother insect persist on the 
branches throughout the season, or even for a year or more, they 
are no longer a menace to the tree. They occur most numerously 
on the undersides of the branches of the preceding one or two 
year’s growth. 

Should a fruit grower find these large dead brown scales one 
half as thick on his plum trees as they are shown in the figure, he 
may be quite sure that there is also an alarming crop of the 
young scales now in hibernation in similar localities on the trees. 
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When the large shells are found, closely examine the bark in their 
vicinity for minute, very flat, spindle-shaped, dark brown scales. 
Many of these are shown, natural size, on the plum branch 
in figure 1; when these young scales occur as numerously 
as shown in this figure, they are easily seen in the winter. 
It is this stage of the insect that now portends danger to 
some of the best orchards in the state. They are to be found 
snugly tucked 
away into almost 
every crevice on 
the trees from 
the trunk near 
the ground to 
the topmost twig. 
How they got 
there, and what 
they will do in 
the spring (they 
are now doing no 
harm) is discus- 
sed further on 
under the life 
history of the 
pest. The male 
insect is also dis- 
cussed under the 
same heading. 


Fic. 1.—Plum branch containing many young scales in 
hibernation near the large mother-shells; and plum 
leaves with many of the young scales along the veins, 
as they appear in summer. Ali natural size, 


e 


ITS NAME. 


This plum scale is allied to the well-known Mealy Bugson green 
house plants, to the Oyster-shell Bark-louse so common on some 
unhealthy apple trees here in the east, and to the very destructive 
San José Scale recently introduced into our state. However, the 
pest belongs to a different group of the scale insects known as the 
Lecaniums ; several species of Lecaniums are serious pests in 
Californiaorchards. As this difficult group has received compara- 
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tively little attention from systematic workers in etomology, it is 
not easy to definitely decide whether a Lecanium found on a cer- 
tain plant is new to science or is a species which received a name 
years before. This plum scale has been in the hands of experts 
for several months, but different opinions still prevail as to what 
it shall be called. Itis probably some European species described 
a half century or more ago. * 


THE DISTRIBUTION, DESTRUCTIVENESS, AND PAST 
HISTORY OF THE INSECT. 


The present uncertainty regarding the name of this Plum Scale 
makes it impossible to draw any definite conclusions about its 
history, distribution, or destructiveness previous to 1894. How- 
ever, we believe it is an European insect which has been present 
in eastern plum orchards for many years. <A careful examination 
of several orchards which were apparently free from the insect, 
revealed the scales scattered here and there on the trees, some- 
times not more than one or two on atree. Certain conditions, 
perhaps climatic or possibly the presence of many active enemies, 
seem to have thus far held the insect in check in a majority of 
orchards. While in other localities, especially in the counties of 
Niagara, Monroe, and Ontario in our state, certain unknown con- 
ditions have favored the increase of the pest during the past three 


* Mr. T. D. A. Cockerell, who has given considerable study to this group 
of scales, concludes that the pest is the Butternut or Walnut Scale (Lecanium 
tuglandis Bouché) with which Dr. Fitch’s L. juglandifex is synonymous 
(‘‘ The Entomologist '’ for December, 1894). There is a Lecanium, which is 
quite common on butternut in our state, that is very closely allied to if not 
indentical with, this Plum Scale ; but no butternut trees occur near some of 
the worst infested plum orchards. The pest may be identical with Dr. 
Fitch’s L. cerasifex described in 1856, but this scale has not been again rec- 
ognized since it was described, so the identity of the two scales could not be 
definitely established. Mr. I. O. Howard, U. S. Entomologist, writes us, 
under date of December 17, 1894, that ‘‘ the most careful studies I have made 
have failed to lead me to any definite conclusion, beyond the fact that I feel 
sure the species is not Fitch’s jug/andifex. I simply drop the whole subject 
for the present, pending the receipt of specimens of the European species 
from Mr. Douglas.” Perhaps this western New York Plum Scale has not 
yet been christened, who shall say ? 


A PLum SCALE. 685 


or four years, until it has now reached a point where it threatens 
the destruction of some of the finest orchards in these counties. 

We have found but a single reference to a Lecanium attacking 
plum trees in the east prior to 1894. In 1866, a correspondent in 
Vermont sent a plum branch containing many of the scales to Mr. 
Walsh, then editor of the ‘‘ Practical Entomologist ’’ (p. 89 and 
100), for identification. Mr. Walsh’s notes on the eggs agree so 
closely with our observations on the Plum Scale this season as to 
indicate that the Vermont scale was the same insect. Recently, 
Miss Murtfeldt (Bull. 32, Div. of Ent. of the U. S. Dept. of Agr., 
p- 41-44) has recorded the appearance in destructive numbers in 
1893 of a Lecanium on plum and peach in Missouri. This Mis- 
souri Plum Scale seems to differ slightly in some of its character- 
istics and in its life history from our New York Scale, but may 
not the difference of 5 degrees in latitude between the two locali- 
ties account for these differences between the insects? Mr. 
Fletcher recently found a Lecanium, probably identical with our 
New York species, on plum at Queenstown, Canada.* Thus, 
while we believe that this new plum pest occurs in many orchards 
outside our state, no definite conclusions can be drawn from the 
meagre and indefinite evidence thus far reported. 

We have also received the insect from Utica and from Pratts- 
burg (Steuben Co.) N. Y., but it has not yet become serious in 
these localities. The only localities, so far as we know, where the 
pest is now present in alarming numbers is in several of the large 
orchards near Geneva, Rochester, and Lockport. Nearly all of 
the owners of these orchards are thoroughly alive to the necessity 
of checking this pest at once, and the work of extermination has 
already begun in some of the orchards. 

How long the insect has been present in these localities, is not 
known. It was seen in considerable numbers in Geneva orchards 


*Mr. Cockerell will describe this scale as L. rugosum in the coming Feb- 
rurary number of the ‘‘ Canadian Entomologist.’’ He says it agrees closely 
with the New York Scale in microscopic characters, but differs slightly in 
form. The form of these scales depends so much upon the time when they 
are collected and killed, whether they are crowded together on the branch 
or not, and other factors that the mere form of the dead females or their 
shells does not furnish a sure criterion by which to determine the names of 
many of the Lecaniums, 
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four or five years ago. We saw it at Lockport in 1893, but as no 
such scale had before ravaged fruit treesin the east, we did not antici- 
pate any such injuryas the pest wrought in this orchard this year. 

The destruction wrought by this scale the past summer has been 
considerable in most of the orchards mentioned above. One fourth 
of Mr. Hooker’s crop from over 2000 trees was so badly damaged 
that it was not picked at all, while the remainder was more or 
less dwarfed or presented a smutty appearance. Much of the fruit 
in these orchards either had to be washed or sent to the market 
in a ‘‘mussy’’ condition. Many bushels of plums were also 
‘‘under-size.’’ Thousands of trees made but little growth during 
the season, and from present indications it would seem as though 
some of these orchards must succumb in the near future unless 
this insidious foe is soon checked. 


INDICATIONS OF ITS PRESENCE. 


One form of the insect itself is so conspicuous, as shown in the 
figure on the title page, that it may be discovered before it has 
made its presence felt by any visible effect on any part of the tree. 
This year, in the worst infested orchards, the trees showed 
scarcely any visible signs of the presence of the pest until July. 
During this month the young scales hatched and went onto the 
leaves and fruit stems where they at once began sucking the sap. 
So many thousands of these little pumps at work drawing out the 
sap soon began to tell on the vigor and health of the trees. In 
consequence, many of the leaves curled considerably, and the 
trees made but little growth. 

But the most noticeable indications of the presence of the pest 
was caused by the immense quantities of a clear, sweet, sticky 
liquid known as ‘‘ honey dew”’ which the little scales secreted in 
July and August. A black fungus always accompanies this 
honey dew, growing in and spreading all through it; and as the 
sticky fluid was secreted in such quantities as to literally cover 
the whole tree, the consequence was that badly infested trees pre- 
sented a disgusting black appearance, as if treated with a thin 
coat of a sticky smutty substance. This blackened honey dew 
covered the leaves, doubtless closing up many of their breathing 
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pores, and gave to the fruit a smutty or ‘‘ mussy ’’ appearance. 
The loss of so much sap also dwarfed much of the fruit. Thus a 
badly infested orchard presents a sorry sight in August, with its 
stunted growth, curled leaves, and dwarfed fruit, while the whole 
tree has a disgusting smutty appearance. During the winter these 
conspicuous blackened trees are unwelcome monuments of the 
work of the pest during the summer. 

Those who have seen the effects of the Pear Psylla on pear trees 
will at once recognize a plum tree which has suffered from this 
Plum Scale. ‘Trees attacked by either insect present the same 
black unhealthy appearance, but the Pear Psylla does not attack 
the plum, nor does this Plum Scale seem to have yet appeared in 
destructive numbers on the pear. 


ITS FOOD-PLANTS. 


This scale is as yet par excellence a plum pest ; and we have not 
seen it on plum trees less than five years old. However, many 
quince trees near infested plum orchards suffered severely last 
summer from what appears to be the same insect ; and we have 
just received an apple branch from Lewiston, N. Y., which bears 
several similar scales with other indications that the tree has suf- 
fered considerably from the insect. It was doubtless the same 
insect which we saw on a pear branch that projected into an in- 
fested plum tree. An elm branch on which were seen many 
scales doubtless became infested from a plum tree near by. Mr. 
Hooker reports a similar scale on his honey locust hedge. And 
Mr. Beach says (‘‘ Garden and Forest,’’ July 18, 1894, p. 284) the 
insect has been found on apple, pear, maple, and Czssus. In ove 
orchard, apple and cherry trees in rows alongside infested plum 
trees have but very few of the scales, while quinces near by are 
freely attacked. Thus the pest apparently thrives on quince, and 
may attack apple, pear, cherry, elm, maple, honey locust, and 
Cissus. 

We doubt if the pest has any preferences among the cultivated 
varieties of plums. In one orchard, Smith’s Orleans suffered the 
most, while in another Copper, Bradshaw, and Lombard were the 
worst infested. The scales are also now present in one orchard 
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in alarming numbers on Damsons, Reine Claude de Bavay, 
Quackenbos, and on Prunes. The Japanese varieties have not 
yet been attacked, so far as we have learned. 


THE LIFE HISTORY OF THE INSECT. 


Its first appearance and habits in the spring.—As previously 
stated, the old shells of the female insects are to be found on the 
trees at any time of the year, but as they no longer play any part 
in the economy of the insect, they need not be considered in this 
connection. It is only the small, flat, spindle-shaped, brown 
scales that need attention early in the spring; these are shown 
natural size on the branch in figure 1, and also on the portion of 
board shown in figure 4, where they are scattered among the large 
spiny skins of a Lady-bird larva. About April 1, or even earlier, 
these little scales begin to move about on the tree; they are seek- 
ing asuitable place to establish themselves. This they usually 
do on the undersides of the smaller branches. Once established, 
most of them probably never move from the spot. Each scale in- 
serts its little beak or sucking organ into the bark, and for nearly 
two months each of these minute pumps is kept constantly at 
work drawing out the sap. 

Remarkable growth of the scales in the spring.—As these little 
scales have had their appetites whetted by over five months of 
fasting, their little pumps seem to work with surprising vigor in 
the spring. ‘The result is that they increase in size remarkably 
fast. In less than two months last spring, most of the little 
scales, only 1 mm. (.04 of an inch) in length, grew to the size of 
the scales shown on the front of this bulletin. Doubtless the 
scales secrete considerable quantities of honey dew during this 
period of rapid growth. 

Many of these little scales, however, do not grow into these 
large conspicuous females. But after feeding for a short time, 
their skin is cast off and it formsa thin, delicate, semi-transparent, 
whitish, ribbed scale or shell over the pupae; beneath this cast 
skin the male insect develops. The males are very delicate in 
structure, and each is provided with two large whitish wings. At 


A PLuMm SCALE. 689 


m in figure 2 are shown several of these male scales considerably 
enlarged; from the lower end of the two upper scales the tips of 
the wings of the male insect protrude, and in one instance the 
two long white filaments which project from the end of the insect’s 
abdomen can be distinctly seen extending considerably beyond the 
wings. At z in the figure, a male scale and 
a female scale areshown natural size, theone 
on the right being the male. The male scale 
is thus much smaller, flatter, more elongate, 
and is of a whitish color. They often occur in 
considerable numbers among the large brown 
female scales in May and June. They are rare- 
ly seen after June, as they do not adhere 
strongly and thus soon ‘‘ weather off.’’ The 
males doubtless emerge in May, but proba- 
bly live only long enough to mate with the pr6.2—m, mace scales, 


then mature females. In their early stages, orig r aaa Bs Tae 
rie eet scale and female 
the male scales are scarcely distinguishable suis vidlival ee 


from the young females. 

The eggs.—This year, by the 18th of May many of the female 
scales had become full grown. And by tipping them over at this 
time, it was found that egg-laying had just begun. The female 
lays her eggs under herown body. During the process, her outer 
skin hardens and her body gradually shrivels thus making room 
underneath for the eggs. Egg- 
laying continues for a week or ten 
days, and, what was at the begin- 
ning a large fleshy soft-bodied 
female, becomes,when the task is 
finished, only a thin hard shell 
closely adhering tothe branch and 
containing a mass of embryonic 
life in the form of minute white 
eggs. If one of these shells’ be 
disturbed in June, it will be 
found packed nearly full of eggs, 
which roll out when the shell is tipped as represented in figure 3. 
In this figure the scale is shown considerably enlarged, but at z 
in figure 2, is another view of the same scale natural size. 


Fic. 3—e, eggs as they voll out from beneath a 
mother-shellin June ; enlarged. 
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This year the egg stage lasted about a month, the eggs becom- 
ing pinkish in color about a week before they hatched. Some of 
the minute active scales emerged as early as June 23, but most of 
them appeared about Julyr. The little creatures remained under the 
protecting shell for several hours, some of them a day or more, 
before venturing forth onto the branches. ‘Thus if one of these 
mother scales is overturned in the latter part of June, it may con- 
tain hundreds of the active little creatures and as many more eggs 
yet unhatched. 

The number of eggs laid by a single mother is enormous, reach- 
ing into the thousands. We have not counted them under one of 
these Plum Scales, but others have counted 1054 and 2200 under 
similar scales of other species of Lecaniums. 

The young at last venture forth from under the shell, and 
about July 1 may be seen actively crawling about on all parts of 
the tree. The old mother shells which they have left contain 
nothing but a whitish powder made up of minute egg-shells. 

Habits of the young scales in summer.—Soon after emerging 
from the old shell of their mother, the little scales find their way 
onto the leaves. Here they usually establish themselves close 
beside the veins on the underside, some take up similar positions 
on the upperside, while others attach themselves without regard 
to the veins. In figure 1 is shown the young scales, natural size, 
thus attached to the leaves. Although there are many more 
scales on the leaf at the right, they are so nearly the color of the 
underside of the leaf that they do not show as distinctly as those 
on the leaf at the left. Practically all of the newly-hatched scales 
thus established themselves on the leaves, or leaf and fruit 
petioles, in July. The scales are then so small, scarcely .5 mm. 
(.02 of an inch) in length, so flat and closely pressed to the leaf, 
and so near the color of the undersides of the leaves that they 
can hardly be distinguished without a lens. In some of the 
worst infested orchards, nearly every leaf bore hundreds of these 
little scales. With so many millions of little pumps at work on 
a single tree sucking the sap, is it any wonder that many trees 
made but little growth and that much of the fruit was dwarfed ? 

Through the kindness of Mr. C. M. Hooker, who sent us 
infested leaves from time to time during the summer, wé were 
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able to follow the life-history of the pest closely. The little 
scales moved about but little, if any, during the summer; and 
also grew exceedingly slow as compared with the surprisingly 
rapid growth of their mothers in the spring. In a month the 
little creatures had gained scarcely .1 mm. (.004 of an inch) in 
length, and yet they had already caused many of the leaves to 
curl, the fruit began to show their effects, and the trees presented 
a smutty disgusting appearance. The amount of honey dew 
secreted by each individual scale was doubtless very small during 
the two months (July and August) that they worked on the 
leaves. But the aggregate from millions of the little scales was 
sufficient to completely coat the trees, including their leaves and 
fruit. The pest did more damage this year while in this young 
stage on the leaves than at any other period of its life. 

fall migration.—August 21, Mr. Hooker wrote us that some of 
the scales ‘‘ were on the march.’’ It was found that they were 
moving to the undersides of the branches where there were still 
many of the old shells of their mothers from which the little 
scales had emerged more than two months before. This migra- 
tion continued until most of the leaves had fallen; probably a 
majority of the scales had established themselves on the branches 
by October 1. Most of them sought the undersides of the smaller 
branches, and in many instances they were to be found in these 
places in such numbers as to form two or three layers of scales on 
the bark. Thousands of them, however, crawled into any shelter- 
ing crevice on large or small jimbs or even on the trunk of the 
tree. Figure 4 shows how thickly they congregated on the under- 
side of a small piece of board placed under a rope to protect the 
bark ; the large spiny objects on the board are the pupae of a 
Lady-bird beetle,one of the enemies of this scale described farther 
on. 

In August,the scales became light brown in color,and this deep- 
ened intoa dark seal brown when the migration began. 

Some of the scales did not migrate to the branches this fall. 
From material sent us by Mr. Hooker, we estimate that about ro 
per cent. of them fell to the ground with the leaves. Many of 
these will doubtless find their way to the trees again in the spring. 

Hibernation.—When the scales migrated from the leaves to the 
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branches, they measured about 1 mm _ (.04 of an inch) in length, 
or were only about twice as large as when they hatched and went 
onto the leaves in July. ‘These small dark brown scales are at 
present on the trees in the position to which they migrated in 
September. They will doubtless pass the winter in this stage, 
without feeding. Many of these hibernating scales are shown in 
figure 1 ; they lie scattered about on the plum branch among a 
few old mother shells. 

It is to these hibernating scales that we referred when we stated 
on a preceding page that there are at the present moment more 
than 50,000 of the best plum trees in western New York, each of 
which is harboring millions upon millions of this Plum Scale. 
Fortunately, these hibernating scales are tender creatures, and 
most of them lie exposed on the bark of the trees. ‘Thus this 
stage is the weakest point in their life history, and fruit growers 
must take advantage of itthis winter. For, as we have shown 
above, these little creatures grow with astonishing rapidity early 
in the spring and soon get beyond man’s power to check them by 
any practicable means. 

Number of broods.—There is but one brood in a year. The 
little scales now in hibernation develop into full grown males and 
females in May. Eggs are soon laid, and this stage lasts nearly a 
month. About July 1, the young scales emerge and migrate to 
the leaves where they remain for two or three months, scarcely 
doubling in size meantime. In September these scales again mi- 
grate, going onto the branches where they hibernate. 


HOW THE INSECT SPREADS. 


As the pest is not very active in any of its stages, it doubtless 
would spread very slowly if left toitself. At certain seasons, how- 
ever, especially when the young scales are migrating in July and 
September, many of them doubtless become attached to the feet of 
birds that may then visit the trees. The scales could be carried 
long distances in this way. 

The young scales may also attach themselves to larger 
insects which frequent the trees. Last year, in Maryland, several 
Lady-bird beetles and ants were seen bearing one or more young 
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of the San Jos Scale on their backs; curiously enough, the scales 
seemed to prefer to ride on the backs of the shining black beetles 
and ants rather than on the red ones. 

Doubtless the wind is an important factor in the spread of this 
pest. Possibly a strong wind may detach some of the scales and 
carry them to other trees. The wind also distributes the fallen 
leaves over a considerable area in the fall; and as many of these 
leaves contain afew hibernating scales, they would form a fruitful 
source of contagion. We estimate that about ro per cent. of the 
scales are hibernating on these leaves, and many of them will 
doubtless find their way onto the nearest trees in the spring. 

Is there danger of introducing it on nursery stock ?—Some news- 
papers, in commenting on our recent popular discussion of this 
scale in the Rural New Yorker and other papers, have warned 
their readers to carefully examine all nursery stock sent out by 
New York nurserymen lest the scale be introduced into their 
orchards in this manner. This isa very important point, and was 
made the subject of special investigation and inquiry in our recent 
trip through the infested region. The result is that, so far as we 
now know, there is but little danger of introducing the pest into 
new localities on nursery stock. Nurserymenrarely have the stock 
more than two years, and it is not usually grown near plum 
orchards. And furthermore, we have never seen or heard of the 
scale on any except bearing trees. We have not found it on trees 
which have been set less than five years in orchards. It is always 
a wise precaution, however, to examine thoroughly all nursery 
stock for scales or even borers. You need not expect to find this 
Plum Scale, but remember that the dreaded San José Scale is 
abroad in the east and may be introduced on nursery stock. Dig 
out the borers and dip the trees in a strong kerosene emulsion to 
kill the scales. 


ITS NATURAL ENEMIES. 


This Plum Scale doubtless has several insect enemies, but we 
have met with only two thus far. In May, there were many 
small, narrow, smooth, elevated, black scales scattered among the 
nearly full grown females. Some of these small black scales can 
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beseen on one of the branches in the figure on the title page. A close 
examination showed that these scales contained parasites; which 
we did notsucceed in breeding. The parasite is probably a minute 
four-winged hymenopterous fly which lays her eggs in the young 
scales, perhaps in the fall. The percentage of the scales thus 
destroyed this year was not great, but this little foe may become 
a valuable ally in checking this pest in the near future. 

In figure 4 is shown the 
spiny larval skins, many of 
them containing pupae, of 
the twice-stabbed Lady-bird - 
beetle (Chzlocorus btvulne- 
rus) which is very common 
in some infested plum or- 
chards. We have seen hun- 
dreds of the spiny skins in 
groups about the trees, but 
have not observed the Lady- 
bird at work on the scales. 
One of the beetles is just 
emerging from oneof the pu- 
pae in the figure, (Utgise 
small beetle, about as large 
as and shaped somewhat like 
one of the shells of the Plum 
Scale. Butitis of a shining 
Fic. 4.—Spiny larval skins of Lady- black color and has a bright 

bird Beetles i and many young plum red spot on each wing cover. 

scales in hibernation. Natural size. This Lady-bird is very com- 
mon throughout the country, and is said to be the most effective 
enemy of scale insects in Florida. Both the beetles and their 
spiny larvee feed upon the scales. Protect these little friends. 

There are doubtless other Lady-bird beetles that are predaceous 
on this plum scale, and perhaps other true parasites are at work 
upon it. But the balance of nature seems to have tipped decid- 
edly in favor of the scale at present in western New York, yet 
these little foes will materially aid in restoring the equilibrium in 
the future. 
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HOW TO COMBAT THE SCALE. 


What to use.—This pest obtains its food from the inner tissues 
of the tree by means of its sucking mouth-parts. Thus none of 
the poisonous insecticides used to kill biting insects would have 
any effect on this Plum Scale. It must be hit by some of the in- 
secticides that kill by contact. ‘The one that is the simplest to 
make and which has been found the most effective here in the 
east against scale insects is the Kerosene Emulsion.* If the di- 
rections are carefully followed there is no trouble in getting a good 
emulsion. This standard emulsion should always be diluted be- 
fore it is applied to growing plants. But the number of times it 
is to be diluted, will depend upon the insect to be killed. The 
nymphs of the Pear Psylla, for instance, are readily killed by a 
spray consisting of 1 part of the emulsion to 20 parts of water. 
For most sucking insects it is diluted with 9 parts of water. But 
our experiments indicate that this Plum Scale does not readily 
succumb unless the emulsion as made by the formula is diluted 
with only about 4 parts of water. That is, to one gallon of the 
standard emulsion is to be added 4 gallons of water. A greater 
dilution than this cannot be depended upon to do sure work. 
There is not the slightest danger of this dilution of the emulsion 
causing any injury to the tree, even when the leaves are opening 
in the spring. Do not expect to kill a majority of the scales if 
you dilute it with 7 or 8 or more parts of water. 

When to spray.— Between May and October, there is only 
one period, of less than a week, in which the insect can be 
combated effectively and practicably. Our experiments indicate 


*To make the emulsion, thoroughly dissolve one-half pound hard or soft 
soap or whale oil soap in one gallon boiling water. While this solution is 
still very hot add two gallons of kerosene and quickly begin to agitate the 
whole mass through a syringe or force-pump, drawing the liquid into the 
pump and forcing it back into the dish. Continue this for five minutes or 
until the whole mass assumes a creamy color and consistency which will ad- 
here to the sides of the vessel, and not glide off like oil. It may now be 
readily diluted with cold rain water, or the whole mass may be allowed to 
cool when it has a semi-solid form, not unlike loppered milk. This standard 
emulsion if covered and placed in a cool dark place will keep for a long time. 
In making a dilution from this cold emulsion, it is necessary to dissolve the 
amount required in three or four parts of boiling water, after which cold rain 
water may be added in the required quantities. 
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that in May the fast maturing females are not susceptible to the 
emulsion unless it is used so strong as to injure the foliage. The 
eggs are also safe under their mother’s shell during June. 

However, the newly-hatched scales which emerge about July 1, 
can be easily killed with the emulsion diluted even 6 or 8 times. 
But the application must be made while the scales are moving 
about on the branches; for if they once get established on the 
leaves, it will be impracticable to hit a majority of them. By 
tipping over some of the scales every day or two during the lat- 
ter part of June, one can tell with a lens when a majority of the 
scales have emerged. When they have done so, donot wait a 
moment, but completely drench the trees with the emulsion diluted 
6 or 8 times. We visited an orchard in July after the scales had 
become established on the leaves. Nearly every leaf bore hun- 
dreds of the little creatures, but it was evident that man was 
powerless so far as checking them with a spray was concerned. 
It would have been necessary to literally drench the undersides 
of every leaf, an impracticable task with a spray. Nothing but 
the expensive gas treatment with tents, so commonly used in 
California, would have been of any practicable use. Thus, the 
pest cannot be effectively and practicably checked by sprays while 
it is on the leaves from July 1 until the leaves fall in October. 
Unless the expensive gas treatment can then be resorted to, fruit 
growers will be obliged to stand idly by in the summer and see 
the pest do its most damaging work. 

Fortunately, however, the scales grow but little during the 
summer, and then migrate to the branches where they go into 
hibernation in a tender stage. Therefore, after the leaves fall in 
autumn, afflicted fruit growers may begin the work of extermina- 
tion. The little tender scales are then exposed on the undersides 
of the branches and in crevices all over the tree. There are then 
no leaves to bother, and every scale that is hit with the emulsion 
dituted 4 times, speedily dies. Do not expect to see the scales 
drop off immediately, or even for several days after spraying. It 
is difficult to tell a dead scale froma live one. If the branches 
are brought into a warm room and the scales examined closely 
with a lens after a few days, life can be detected in the uninjured 
scales. Dead scales are usually of a distinctly lighter brown 
color and are somewhat shriveled in appearance ; where large 
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numbers of dead scales occur near each other, this difference in 
color is easily seen with the naked eye. Doubtless many of the 
dead scales will ‘‘weather’’ off by spring. 

Under our directions, millions of these scales were killed in 
some of the infested orchards in November. Other orchardists 
are now carrying on the work of destruction. Nearly all who 
suffered from the pest last summer realize the necessity of check- 
ing the insect before spring opens. The spray will be equally 
effective if applied at any time between November 1 and April 1, 
or when the trees are leafless. There is no question about the 
effectiveness of the emulsion diluted 4 times, but it must be re- 
membered that each scale must be Azé with it before it will be 
destroyed. 

How to spray,—Thoroughness must ever be the watch-word in 
applying the emulsion. The scales are very small objects and 
you must hit them with the emulsion. In making the applica- 
tion about July 1, the only direction needed is to thoroughly soak 
the trees with the emulsion. In combating the hibernating 
scales on the leafless trees, however, more care must be taken in 
directing the spray. Remember that most of the scales are on 
the undersides of the smaller branches, but there are thousands of 
them also in the crevices of the bark all over the tree from the base 
of the trunk to the topmosttwig. Thus in order to hit the scales, 
the spray must be directed from beneath the tree on all sides, and 
every crevice filled with the liquid. Drench every square inch of 
the bark. Do not trust the work to some one who does not appre- 
ciate the necessity of hitting every scale, or the work will not be 
half done. 

The McGowen and Vermorel nozzles will do the best work. 
The knapsack pumps are practicable if but a few trees are infest- 
ed. But in the large orchards in western New York that are now 
full of the scale, large tanks and strong pumps must be used. 
The horse power sprayers will not prove nearly so effective in 
fighting this pest as an ordinary hand pump and barrel or tank 
apparatus. You have got to stop at a tree, get under it, and stay 
at least a minute to do a thorough job. Remember where the 
scales are that you want to hit and do not leave the tree until they 
are hit. This idea of thoroughness cannot be too strongly im- 
pressed on the one who holds the nozzle when this pest is being 
fought. 


698 BULLETIN 83. 


Number of applications.—Not one fruit grower in ten will kill 
half of the scales with the first application of the emulsion. And 
yet it is only a question of taking the time to do the work thor- 
oughly enough. Fortunately, you have nearly six months in which 
to doa thorough job. If possible, get in one blow at the pest be- 
fore winter closes in. Then be ready to strike again whenever 
the weather is suitable during the winter. And get in another 
blow early inthe spring before April 1. In other words, spray 
with the emulsion diluted 4 times, at least once in the fall, once 
during the winter if possible, and once or twice in March; two 
very thorough sprayings, may suffice in some orchards. ‘To own- 
ers of badly infested orchards who failed to get in a blow this fall, 
we would say, do not let a suitable spell of weather pass this win- 
ter or in March without drenching your trees with the emulsion. 
We are not putting the case too strongly ; for if 25 per cent. of the 
scales, that are now to be found on 50,000 of the best plum trees 
in our state, are allowed to develop in May, 1895, these trees 
will be literally overrun with the pest before the year ends. 

The cost.—The Kerosene Emulsion is the most easily made and 
the cheapest of the insecticides used against sucking insects. The 
Lime, Salt and Sulphur Wash is not so effective, and the Resin 
Wash is more troublesome to make. Fruit growers who sprayed 
this fall, bought kerosene for 4% cents, per gallon, and soap for 
from 3% to 8 cents. per pound; thesoap isa small item in any 
case. 

One man made 125 gallons of the diluted emulsion (diluted 
four times) for $1.12, with soap at 8 cents per pound. With this 
125 gallons, 80 trees were sprayed in 40 minutes. Another man 
sprayed 8000 trees with the emulsion diluted only twice at a total 
cost for labor and material of less than $70. The work in the 
latter case was done with horse power sprayers, but not nearly 
so many scales were killed as in the former case where more 
than four times as much liquid was applied to each tree. 

The labor necessary to do thorough work will cost about as 
much as the materials used. So that, on an average we believe - 
that one thorough application can be made to a tree 10 or 15 
years old fora total cost of not over 3 cents. This may seem a 
large expenditure to a fruit grower with several thousand badly 
infested plum trees. But let him recall how much time and 
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money have been put into those trees to bring them to their 
present condition, and also then realize that unless this pest is 
soon checked it means the ruin of his orchard in the near future. 
Every tree could be drenched with the emulsion a dozen times for 
less than one-eighth of the money that is realized from one good 
crop from the tree. No time should be lost in trying to devise 
some way of checking this pest with little expense. ‘The insect 
is now present in full force and drastic measures are necessary. 
Every day’s delay in trying to save a penny, means dollars of 
loss next year if the pest gets the start of you in the spring. 

Briefly summarized, the way to combat this pest is to spray 
the infested trees several times, at least twice, this winter or 
before April 1 with kerosene emulsion diluted with four parts of 
water. Always bear in mind that each little scale must be hit 
with the liquid. Do not let the pest get started in force in April. 
If it does, you cannot fight it effectively until about July 1. 
Then the young are hatching and while they are wandering 
about on the branches for a few days, they can be successfully 
destroyed by the emulsion diluted even six or eight times. If 
these young scales get established on the leaves in July, they 
will be beyond your control with a spray until November. You 
will be helpless against their ravages during the summer months. 
But the moment the leaves fall, begin the work of destruction on 
the tender hibernating scales then exposed on the bark. ‘Thor- 
oughness must be the watchword, if this new and most serious 
enemy is to be checked. 

MARK VERNON SLINGERLAND. 
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DETAILED STATEMENT 


OF THE 


Receipts and Expenditures of the Cornell University 
Agricultural Experiment Station, for the 
Fiscal Year Ending June 30, 1894. 


RECEIPTS. 
From Agricultural Division. 

1893. 
Out 89... Wour hog. 25.5 <.isis aaw eeae e _ $49 70 
Nov, 13. ‘Two Dorset. lambs. occ ss00 508 5 eee 25 00 

24, Pork: sold sistas . 05 si celled Cave meen ¢ 64 91 

1894. i 

Mar. 17) Six spring lambs. i.7.0),<. bine 27 05 
1%. Paid 'for broken janor... Po. . 0s wana eens 10 50 

6. Three lamba os. un. scan an eee 22 32 

Aprile 8, Sundries 20i5\ 00a sobs cote ae, nels 34 45 
13. (Six -lambayeo soe es . cele ae este anes eee 29 20 

23. Three Tama Bes: <-sasaxsyota ota etsiopn int eaten dene tee 10 65 

May: Two lambr) Joa... ol pi ots eee epee: 5 15 
Jone" 2. Sheep Ma i joee5c:00 was. A ele ste7 eee te 45 00 
Total from agricultural ‘division..\% .:. 4. ¢s meee se $323 93 

From Horticultural Division. 

1893. 

July 8.. Berries andi sundries.,;.....; . deicmanmie waen es $26 15 
gui S,' Berries. c's) 200) Yer Soa angie niet ee 90 62 
Dec. Sundry. wegotabless; . sits hues a swavke op Ben 32 00 

1894, : 
Jan. 1.. Hauling coalitiieies ais ode nanos 44 98 
Mar. 1. Hauling ¢oal. ic ipiwes. capes weeeee kes 81 62 


April; 1. Hauling goals .sc0sioeiwecys,stat,ac2 eed eeedenes 68 50 


704 AgricuttuRAL Exprriment Station, Irmaoa, N. Y. 
1894. 
May. 19. Hauling coal): .... 2.2606. s4a ee ae $13 19 
Feb. 1, Hauling coal.)...\. 2 .c).0's see 2 ee ee 96 52 
June: 29. Sundry vegetables. .........0..0ste ae eee 5 30 
Total from horticultural division.................- $468 83 
EXPENDITURES. 
For Salaries. 
1893. 
July 31. I. P. Roberts, director, one month.......... $125 00 
H. H. Wing, deputy director and secretary, 
one Month ss ok Sais oe ee 166 66 
L. Hi. Bailey, horticulturist, one month...... 125 00 
G. F. Atkinson, cryptogamic botanist, one 
MONG). 25 oe Sees 2 oe wes 6ie phate se ee 91 66 
Geo. C. Watson, assistant agriculturist, one 
MON... 0 sos. acess wc ee 2 ee 100 00 
M. V. Slingerland, assistant entomologist, one 
MONG .0.52.55 twas ses et se 100 00 
Gee We Cavanaugh, assistant chemist, one 
TRONUH, .s0\56510 cies sa e's 6 oars oe 66 66 
F. W. Card, assistant horticulturist, one 
MONG 50 To fees 2) a doce ol hee 62 50 
Aug. 31. I. P. Roberts, director, one month......... 5 125 00 
H. H. Wing, deputy director and secretary, 
one month...) 6.65...» 20 eee 166 66 
L. H. Bailey, horticulturist, one month...... 125 00 
G. F. Atkinson, cryptogamic botanist, one 
month... 2 = RR ee e's os oe 0 2 oe 75 00 
Geo. C. Watson, assistant agriculturist, one 
THON e216. 5.d/0 0.) skaow yatta ee eee Bey 100 00 
M. V. Slingerland, assistant entomologist, one 
BONG steve tcval cues san wists «ae ce 100 00 
G. W. Cavanaugh, assistant chemist, one 
TONGS). 215402 ee) Palette 66 66 
F. W. Card, assistant horticulturist, one 
LO 1) re 62 50 
Sept. 30. I. P. Roberts, director, one month.......... 125 00 
H. H. Wing, deputy director and secretary, 
ODO MODG, +... sates + he “ecto area if 166 66 


1893. 
Sept. 30. L. H. Bailey, horticulturist, one month...... 


Oct. 


Nov. 30. 


Dec. 


31. 


31. 


REoxIPts AND EXPENDITURES. 


G. F. Atkinson, crypotgamic botanist, one 
100018 | aR Pee ca cs ton .ohed ene 


MONE: i551... \Fiale smeeARRE RT ae 
I. P. Roberts, director, one month.......... 
H. H. Wing, deputy director and secretary, 

ONG MONth .i).1c« es Sea etee 
L. H. Bailey, horticulturist, one month...... 
G. F. Atkinson, cryptogmatic botanist...... 
Geo. C. Watson, assistant agriculturist, one 


I. P. Roberts, director,one month.......... 
H. H. Wing, deputy director and secretary, 

ONE: MON, .-a 1s haters ats tet etw leat ee eee 
L. H. Bailey, horticulturist, one month...... 
G. F. Atkinson, cryptogamic botanist, one 


eee e eee eee ee oe 


month 


eee eeoese cee h & s 6 8 et 6.6 0 6 6 a) «hs os oie 


I, P. Roberts, director, one month.......... 
H. H. Wing, deputy director and secretary, 
one iromth Awe 


125 


166 
125 


91 


100 


100 


66 


25 
125 


166 
125 


66 
00 


706 
1893. 
Dacia. 
1894, 
Jane Sl, 
Feb. 28. 
Mar. #1. 
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G. F, Atkinson, cryptogamic botanist, one 
MEUM els. “RISERS Sats coe eee eee 


PUTT HY Hy 539/292 See's wile eects aia ee 
M. V. Slingerland, assistant entomologist, one 


Monthy ers se sR AOA RS SRS eee 
month! ono. nee. ot eee 
month i. seek OPS Ree 


I. P. Roberts, director, one month.......... 
H. H. Wing, deputy director and secretary, 
ONE MONtH 0. 1 SU she a 
L. H. Bailey, horticulturist, one month...... 
G. F. Atkinson, cryptogamic botanist, one 
MONG 05's LE Lae CS «ea 
G. C. Watson, assistant Bae one 
asonth, We /sicihs jo Reena «SSCA iain 


een sole el bin efe oew laveid-ete bisuains & Ee 
MIONGH: 24.23% Pherae ss CR Eee 


MOM’ 20). «caso o's 0 sn son's «59 ate 
I. P. Roberts, director, one month....., P 
H. H. Wing, deputy director and secretary, 

onewmonth.\.... . s,s 2. va ot oie 
L. H. Bailey, horticulturist, one month...... 
G. F. Atkinson, cryptogamic botanist, one 

TITEL Gh oe ww: s, #5 2's «+ aici leicht < preter 
G. C. Watson, assistant agriculturist, one 

TANGER’: = 5 w+ joie ayes SRO eee 


TUUCTURME Ais tose. c's'ec ls d-danteoene Ce ee 
FAT OTT Pes sd 0, s2 «5 u's ww tree tne eee 


TAVSTUD TM ehe ss oo ass bk. s ws eee ee CR 


$91 


100 


100 


66 


25 


125 


166 
125 


91 


100 


100 


66 


25 
125 


166 
125 


91 


100 


100 


66 


25 
125 


66 


00 


00 


66 


00 


00 


66 
00 


66 


00 


00 


66 


00 
00 


66 
00 


66 


00 


00 


66 


00 
00 


1€94, 
Mar. 31. 
Apr. 30 
May 31. 


. I. P. Roberts, director, one month 


Reorrets AND EXPENDITURES. 


H. H. Wing, deputy director and secretary, 
ONG MONCH 5s 5. ee caeentee S amen ores ate 

L. H. Bailey, horticulturist, one month...... 

G. F. Atkinson, cryptogamic botanist, one 
MONCH Ass: Me. afd ee Toles a be ene bet 


pat ASO EPICS BENS , Uoepe ae eee cn eeeer erie tere aaa 
MOM Hy ec PE Fe oo 


G. W. Cavanaugh, assistant chemist, one 
MOR Ole5 3s Ay EL SR OH ote a elle 
MONTH MES POU Ae.. EE 


esoveeceee ee 8 ee oO @ 


eevee etives 


H. H. Wing, deputy director and secretary, 
GG THOMUGEY «wre: acon ch she tats = aie faint oe ete ta 
L. H. Bailey, horticulturist, one month...... 
G. F. Atkinson, cryptogamic botanist, one 
month 


month 


ceeoe ree eres eee oe ee ee eee eee we seerees 


month 


eoreeer eee teers essere eres esresoseeeeees 


IGM sg « 6, 25,50 0 ssadh andha ote eimccheremwia eh Meenas 
TINOTEGIE oo. «4 ayia 6 1 ah coin atenolol va coe eee tes 
I. P. Roberts, director, one month.......... 
H. H. Wing, deputy director and secretary, 
GBB TAGBG NS aise os gina cso i ome, Vale ka aio ee 
L. H. Bailey, horticulturist, one month...... 
G. F. Atkinson, cryptogamic botanist, one 
ee 


eee eer eee eee eee eee ese ee ee eee sr eens 


ee pgpnte! ah sti ated 


eee ee ees e ees eee sees 


MOUtH- vive eave 


eee eee eee ese eeee sees esens 


WOnLOAs 


seer eee rere ee eee se ee se eens 


HIONED A. a eons aes 
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$166 
125 


91 


100 


100 


66 


25 
125 


166 
125 


91 


100 


100 


66 


25 
125 


166 
125 


91 


100 


100 


66 
00 


66 


00 


00 


66 


00 
00 


66 
00 


66 


00 


00 


66 


00 
00 


66 
00 


66 


00 


00 


66 


00 
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1894. 
June 30. I. P. Roberts, director, one month.......... $125 00 
H. H. Wing, deputy director and_ secretary, : 
ONE MONG. capes «p04 su heaters iowwtel= eri AAR La 166 74 
L. H. Bailey, horticulturist, one month...... 125 00 
G. F. Atkinson, cryptogamic botanist, one 
MODth 4)cusieids ae « PRS eles Re eee 91 74 
G. ©. Watson, assistant agriculturist, one 
MMOGs jariia ictdce Sis(b aleiscsleleGs oe Okra name 100 00 
M. V. Slingerland, assistant entomologist, one 
MONE) 5 (5s [s/hie eo aisic-s elas ea feMsaIeS Meare tae 100 00 
G. W. Cavanaugh, assistant chemist, one 
month iio kl eed bier. Aker dele ttc ee 66 74 
E. G. Lodeman, assistant horticulturist, one 
MONEH, 4 whe telsihig ele «be Se oe eee 25 00 
Motal for salaries: se. sn. fee st wes eee lee oo i Se $9,625 O1 
For Buildings. 
1893. 
Dec. 18. Repairs to_boiler in insectary ...........66. $73 30 
Total for buildings. <5... s:ss'«) very» ots oistehate ea $73 30 
For Printing. 
1893. 
July 31. P. &R. R. Co., freight.........+.-sesees $1 52 
Aug. 5. E. G. Hance, cartage ............---seeaes 50 
July 29. W. F. Humphrey, 10,000 copies Bulletin 54.. 81 75 
Aug. 11. National Express Co, expressage........... 25 
12, H. 8. ‘Gutsell; drawimos) 05.00. ance 10 75 
National Express Co., expressage........... 30 
14. Rural Publishing Co., drawings and plates... 18 00 
17. Hilda Lodeman, drawings «2... ais se. = «eee 2 25 
N. Y. Engraving and Printing Co iciheads 9 93 
23. U.S. Express Co., expressage. ........20- 1 20 
92, N. Y. Engraving and Printing Co., half-tones. 12 00 
25. N. Y. Engraving and Printing Co., plates... 3 00 
96. U.S. Express Co., expressage..........00- 25 
Sept. 11. U.S. Express Co., expressage............- 25 
14. W. F. Humphrey, 9,000 copies Bulletin 55.. 170 00 
Bui Se tlolsworth, ‘drawing: }; ).: .cceeunege 8 00 
16 arias 1n)-Co., freight.) -. 0. eaves shee 3 04 


1893. 


Sept. 


Oct. 


Nov 
Oct. 
Nov. 


Dec. 


Nov. 


Dec. 


ReEoxrrpts AND EXPENDITURES. 


U.S. Express Co., expressage.........+--- 
Hilda Lodeman, drawings ............+++++ 
U.S. Express Co., expressage...........+- 
M. H. Rodgers, drawings.......+.-s-08--> 


. P. & BR. Co: frereht.. oe ae eas 


N. Y. Engraving and Printing Co., plates ... 


15. N. Y. Engraving and Printing Co., plates ... 
12. W. F. Humphery, 9,000 copies Bulletins 56 
Eh sy ek Sor iy ee er wT 

14. U.S. Express Co., expressage...........+.-- 
25. U.S. Express Co., expressage............+. 
27. U.S. Express Co., expressage...........+-. 
36. Lovejoy Co., electrose. 1; wor < «tiene aneaeh 
1. Western Union Telegraph Co., message. ... 
94. Lovejay Co., electro. on wc asc creeiete =e Doe ee 
4, N. Y. Engraving and Printing Co., half-tones. 
7. Anna B. Comstock, engraving.............. 
6. U.S. Express .Co,, expressage . 555. 01. . an's 03s 
13. Pi d& ROW Go. freightisge aes esas oer ase 
W. F. Humphrey, 9,000 copies Bulletins 58 
BN BOs) «sn sihe J wiate uae ram einen ts aera 

21. U.S. Express Co., expressage..........s..0- 
20. Lovejoy.Wo;; electrons: <:ccci0t ail 5is.c eye pe 
2. Ellen M, Carman, drawings... os... 0%. es +s 
22. National Express Co., expressage........... 
24. N. Y. Engraving and Printing Co., plates.... 
95. U. 8. Eizpross Co., expressage ... cor: scsia oe cay 
5. U.S. Express Co., expressage..... 2... 020». 
4, N. Y. Engraving and Printing Co., plates .... 
6. U.S. Mxpress Co., -expressage «oe. c')3 wuye ge os 
9. Ellen M. Carman, drawing...... .......... 
15. U.S. Express Co., expressage.......... . 
99. Hilda Lodeman, drawing... .. 2). sate a0 ac ays 
18. U.S. Express Co., expressage.............. 
13. N. Y. Engraving and Printing Co., plate..... 
98. Pak Kao. firete aie nee eee 
Lovejoy Cb.j cheetnes 5 ties ys Sears a eta ae 

91. U.S. Express Co., expressage...... . 2.0.» 
23. W. F. Humphrey, 9,000 copies Bulletin 60... 
30. 6, :G. Tancenwartage: «so ais coerce cones 


N. Y. Engraving and Printing Co., plates.... 
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24 
10 


13 


el 


16 


bo 


218 


98 
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1894. 


Jan. 


Feb. 


Mar. 


Mar. 


Apr. 


May 


. U. 8S. Express Co., expressage. 32. ;. 0. yee 


6. Ellen M. Carman, drawings: ;. 0:4. .sms ee. 


. C. E. Brown, labor 
. U.S. Express Co., expressage 
. Ellen M. Carman, drawings 


. National Express Co., expressage 
. U.S. Express Co., expressage 
. N. Y. Engraving and Printing Co., plates.... 
. U.S. Express Co., expressage 
. U.S. Express Co., expressage 


. U.S. Express Co , expressage.... 0.25 ay oan 
. Ellen M. Carman, drawitgas'c sca octane pee 
~ Bis Colt; drawing’. ie sje ecieie« oom) ateketts alee 
. J. Horace McFarland, electros............. 
. U. 8: Express/Co.,:expressage io nutsepirs ie 
. U. 8. Express Co., expressage.: .. 0. vise a aes 


National Express Co., expressage........... 


. Lehigh Valley R. R. Co., freight........... 
. N. Y. Engraving and Printing Co., plates... 

. W. F. Humphrey, 10,000 copies Ralletin 61. 

. N. Y. Engraving and Printing Co., half-tones 
. N. ¥. Engraving and Printing Co., plates.... 
. U.S. Express Co., expressage. ..... 4... = 
. Lehigh Valley R R. Co., freight........... 
. W. F. Humphrey, 10,000 copies Bulletin 62. 
. U.S: Express Co., expressage.. ...s5.-a04 lass 
. Lehigh Valley R. R. Co., freight.......... 
, U. S.Alixzpress Co., expressage..... «a sara 
. W. F. Humphrey, 9,000 copies Bulletin 63.. 
. Ellen M. Carman, drawings................ 


H.G.) Hance, cartage........ 2. -=-/9qaeee 


28026 oe 8 2 6 #68 © 6 816 Cass a ale 
eee ee +e ew eee 
a \0 Oa, 48, 6.050 - \/exele ann 


U. S. Express Co., expressage 


. W. F. Humphrey, 2,500 copies Bulletin 64... 
. Andrus & Church, paster slips 
. Lehigh Valley R. R. Co., freight 
. Lehigh Valley R. R. Co., freight 
. W. F. Humphrey, 10,000 copies Bulletin 65. 
. Andrus & Church, circulars 
. E. G. Hance, cartage 


6 6 ee € o .0 cae, ae 


Andrus & Church, paster slips.............. 


eee er een eee 


0.6 09 ©. 6) 0s, @ yer es. ain 


m oP 


33 


Reorrpts AND EXPENDITURES. 711 


1894. 

May 1. N. Y. Engraving and Printing Co., plates.... $4 00 
18. U.S. Express Co, expressage.............. 25 
June 1. U.S. Express Co., expressage...........+.. 30 
May 31. N. Y. Engraving and Printing Co., plates 11 00 
June 15. F. H. Colt, drawings....... pata hiure ee sis he 25 
29. Lehigh Valley R. R. Co., freight........... 3 29 

28. W. F. Humphrey, 10,000 copies Bulletins 66 
and-67;, 24 UU eR, Acces oe tate heya 283 89 
8. U. 8. Express Co. expressage.% esi 2 ole reels 25 
Total for. printing....¢'.). sieges seems eee $2,789 30 

For Office Expenses. 
1893. 
July’ 10. Postmaster, stamps.i2;-2200 wae o nee oes $10 00 
81. Nellie‘G, .Works,"Ispor (icv eo meas 32 50 
Aug. 2. E.G. Hance; cartase.: jones 1 65 
3. Andrus & Church, stationery.............. 6 15 
2. Andrus & Church, stationery. 72). .7 3.2% igts 
Sept. 6. Andrus & Church, envelopes............... 7 20 
7. Andrus & Church, stationery............... 60 

18, E. D. Norton & Son, rubber stamp ink...... 20 
25. U.S. Express Co., expressage............. 25 
12. Andrus & Chureh pens} fons eos oa ee 10 
27. Andrus & Church, 36,000 envelopes ........ 64 80 
Oct. 2. Andrus & Church, stationery .............. 2 co 
Sept. 30. Postmaster, stamps: sc: 4.54/00 oe ole eae 10 00 
Oct. 10. Andrus & Church, stationery .............. 1 75 
14. Andrus & Church, stationery .............. 3 65 
19. E. G.. Hance, cartage ss, (50% cents wee eiee 1 25 
21. Postmaster, stamips.../: .201ie va. eee ee 4 00 
23. J. H. Comstock, traveling expenses ........ 57 32 
28. Andrus & Church, stationery .............. 2 05 
Postmaster, staMps .. 24 ceive ses as hinieca Melee 10 00 
Nov. 1. Nellie G- Works, labor: ; 23:6 eee 32 50 

8. Franklin Phonographic Institute, mimeograph 
INK. . os nei cosine SOMO ORaE eee ee 1 20 
9; Andrus & Chureh; ink })).). 2.33 eee d 75 
14. Andrus & Church, stationery .. ........... 65 
16. EH. G. Hance, cartage.a's 023.2. 9eee eee “15 
2. Postmaster, stamps ... «.« «s+ toeeen suis eee 11 53 


85 
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1893. 
Nov. 24. Andrus & Church, stationery .............. 
Dec. 6. W.O. Wyckoff, typewriter ribbons........ 
9. P. & RK. BR. Co., freight ...5,.4.k see ae 
13. Andrus & Church, stationery .............. 
16. Andrus & Church, stationery .............. 
91. Postmaster, stamaps <<). .ic/s). ht. d:ietieiea ae Bee 
27. Franklin Phonographic Institute, note-books. 
1894, 
Jan. 1. Western Union Telegraph Co., messages .... 
James Seamon, case of drawers ............ 
Andrus & Church, stationery ............., 
15. W. O. Wyckoff, repairs to typewriter...... 
18. Postmaster, stamps «'.: 5. ....~2 08s «apo 
31. Nellie G. Works, labor... ..... issih apantlien 
30. U.S. Express Co., expressage............- 
Feb: 125. E.G: Hance, \cartage ... ssn some 
3. Andrus & Church, stationery .............. 
10. Ithaca Gas-Light Co., gas 2. . .\<rsiale ) sjeyedieies 
98. I: C. Hh. Cook; labor...i..:;....sh0 } ab eee 
Mar; 1: Postmaster, stampsiijs.6.i sie. deste eee 
TD. Brill, Jr, labors scsi... << a ae eee ee 
6. Andrus & Church, stationery .............. 
$: W.. C. Bell, labor: . .....ccch. dbnickee eee 
6. W. O. Wyckoff, note-books 2.05...) sh.eds 
19. W,. C. Bell, labor... :.joas. 0 eee eee 
19. HL, Li; Pease, labor... .... .70ashes tae 
12. h...G... Cook, labor... «sian 5A ate eee 
21. W. O. Wyckoff, typewritter ribbon........ 
22. Andrus & Church, stationery .............. 
31. <Nellie G., Works, labor . 42)... sds). ee 
CM Lynde,labor:..).. 02) nase eet «Ak 
Assn. American Agr. Col. and Exp. Sta., 
ATCA NE: he oa) so, 8 seeds ie ose SR 
Aprig, 4. H.-G. Hance, cartage. ..sccs. dese ek ee ee 
5. Postmaster; stamps \ w.4'.2/0 4 sein vse see 
Mar. 1. Andrus & Church, stationery .............. 
6. Andrus & Church, 40,000 envelopes ........ 
Apr..* iy. WG. Hance, cartagesiricn. «fait ob Meee 
12. Andrus & Church, stationery ...... ....... 
16. Postmaster, stamps 


eevee eereeeeer ere ees eeeene 


bo me ee & DP 


1894. 

Apr. 17. Andrus & Church, indexes.............- 
May 8. Postmaster, stamps...........- eovcees 
4. Library bureau, card index case ......... 
8. Andrus & Church, stationery ........... 
10. Andrus & Church, paper ...........+4-: 

24. U.S. Express Co., expressage......... 
31.. Nellie G.. Works, daborsce:..0.4 & Tee 9. « 
24, A. B. Dick Co., mimeograph paper ...... 
June 2. Postmaster, stamps ..........ceeeeeeees 
1. Western Union Telegraph, message ..... 
12. Andrus & Church, pims.........2.-2000: 
30... Nellie G.. Works, labor. 1. cs eh eine er 


Sept. 


Oct. 


Nov. 


Total for office expenses 


Reoxrrpts AND EXPENDITURES. 


For Agricultural Division. 


G. C. Watson, driving sheep... .. 0. ue. - 
J. B. Todd, insect powder 5.0.0 «pariah 
. E. G. Bogardus, 33 sheep...... Sea tite a 
. P.& KR... Col freight, co acee cee 
. National Express Co., expressage........ 
. James Bush, labor 


Wm. Cole, labor 


U.S. Express Co., expressage 


oer eee eee eee eee ee vess 


eeceeeerseeeseeeeeeee eee 


« Henry Brown, labor, v oci.nc oun te te cee 
. Edward G. Allen, subscription to periodicals. 
. National Express Co., expressage. ...... 
. C. H. Dana, sheep labels 
. James Riley, seed wheat 

. Ohio Agr. Exp. Sta., seed wheat ....... 
. P. &R. R. Co., freight 
. P. &R. R. Co., freight 
. National Express Co., expressage 


eee ee ee ee eeese 
eee eee ereree see 
oe eee eee 


. National Express Co, expressage 
. U.S. Express Co., expressage 
. National Express Co., expressage 
. U.S. Express Co., expressage 
. National Express Co., expressage 
. National Express Co., expressage 


oe ee eee reoe 


freee eee 


eee eee eee 


ore eeene 


25 


(Je) 


40 


— 


39 


$690 


————— 


$1 


04 


Total for agricultural division 


714 
1893. 
Nov. 28 
Dec... 5 
18 
1894. 
Jan, § 
18 
19 
26 
29 
Mar. 6 
17 
12 
29 
27 
28 
13 
Apr, 1s 
16 
21 
May 1 
) 
Heb; 3 
May 22 
16 
June 9 
4 
6 
30 
1898. 
July 5 
3 
5 


. D.,L. & W. RR. R., freight 


. Andrus & Church, blanks 


. U.S. Express Co., expressage 
. U.S. Express Co., expressage 
. National Express Co., expressage. 


. U.S. Express Co., expressage 
. National Express Co., expressage 

U. 8. Express Co., expressage 
. E. G. Hance, cartage 
. Andrus & Church, stationery 
. U.S. Express Co., expressage... 
. T. Brill, Jr., labor 
. Andrus & Church, twine 
. E. G. Hance, cartage 


. Andrus & Church, circulars ..... 
. J. M. Thorburn & Co., seeds 
. De Lano Bros., seeds 


eee 
se eer eee reese 


. Bush & Dean, muslin 
. W. D. Saunders, labor 


2. © le 9).@ 6 Aba, 


eeoeereeeeeeee 


eeeceeseees 


eerste er seeeee 


eoceeereeeees eee see est eeeee 


eer eeeeed 


oeeeerer ee eer ee ee ee sees 
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e bo 


bo 


30 


. Dorset Horn Sheep Breeders’ Assn., registry 


PORES a Se atest So aie arawtee oli 
. E.C. & N. R. R. Co, freight 


. A. C. Brosius, dehorning clippers 
. E. McGillivray, photo plates 
2 (Chas. 'S:. Moore, Jaborz..cceme 
. Andrus & Church, blanks 
> Mrank Hatchilabor 2. ceo see 

Henry Brown, labor 


eee eeercve 


eeoreeoe sees 


eee ee eee eee 


. E. G. Allen, subscription to periodicals 
. Andrus & Church, circulars 


eee eee eee 


a OFe) eye: ep el ete 


oer eeeveee 


eeeeerenve 


oeeerereeeeereraeeeeesesene 


cise Sw. pres ie 


For Horticultural Division. 


> i. eh.) Gage, ‘sundries i! /:/..0. 1228 

F. W. Card, sundries 
oo Wit. 3): Manminet Hass. 0.) ee. 
. Driscoll Bros., four barrels of lime 


seeeeveeeee 


eee eee eens 


Reorrets AND EXPENDITURES. 


1893. 

July 5. Peter McAllister, gravel and sand.......... 
A. M. Hall, feed oc... 3 aaa een 
Farmer Fertilizer Co., fertilizer ...........- 
J. M. Thorburn & Co., seeds. ....... 4. «+ »»« 103s 
A. B. Seymour, specimens ........ ......- 
W.S. Powell & Co., cotton seed ashes..... 
Jos. Howles, Grie&s. oc iss « << wnstnt sete 
E. McGillivray, photo plates............++- 
The Bool Co. RUETOR, 0. «sig a's =k ats sure 
Geo. Small; Tamiber'.o05. 2 aly oo tai = oe a 

11; A. Mi Belly feed’. oo ese ee oc ees eee ere 
E., Larkin, sundries... esi aeas eee ee ee 
13. L. H. Bailey, photo material ......°....... 
11. E. G. Lodeman, spraying.............000. 
E. G. Lodeman, botanical specimens ....... 
W. Coe, Tabor’ sic on cane teria aie 
18. F. W. Card, paid for picking berries....... 
17. Andrus & Church, mounting paper.... .... 
14. J. Carbatt;. photo plates. 2220) sch: ea neel 
95. A. W. Marston) dabot... 205 06 ce cic ie ae ore 
Vilmorin, Andrieux, et Cie, seeds .........- 
29. E. G. Allen, subscription to periodicals..... 
30. Gustav E. Stechert, books . \.:...%..4.050se dene 

Aug. 1. Ira 8S. Grover, labors. 1.0 oem sien n th tats 

Ira §.. Grover, lahors. oiso c= scest eee 

5. Julia Z. Kelley, labor 202). sue ane 
Eimer & Amend, anatomical jars........... 
12... H,. Bailey, specimen oor tet ees 
3. Andrus & Church, paper bags.............. 
A. Wi. Hippird, tubers: 5 oye os acre eee aera 
9. F. Davison Bros; bushel tye- cae sec ee 
12. J. Carbutty photo plates*. ooo. oe come scenes 
Stott Implement Co., hose mender.......... 

10. J. M.? Thorburn’ & Co... seats =. 55.402 oe oe 
7. White & Burdick, chemicals............... 
16. Reynolds & Lang, repairs to harrow........ 
A. M.A een a te eee 

C. J. Rumsey & Co., sundry hardware..... 

J: O. Bigity SADR a yg sate eco eer eee 

19; Eli Sriyder, O30 20 scars ek say < nls aad ie tas 
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Aug. 
Sept. 


Feb. 


Feb. 


23 
1 


30. 
31. 


. Andrus & Church, stationery 
1. W. O. Wyckoff, typewriter ribbon 
. Ithaca Gas-Light Co., gas 


. E. G. Lodeman, spraying.... 
Sra Grover, labor \.(.).).).:/2. >’. 
Ira Grover, Jr., labor ........ 
Ira Grover & Son, labor...... 
E. G. Lodeman, extra labor.. 
Melts (rover, IADOr. 27... of.» s 
nulla AGrover, labor. . 2). 6s. 
. Julia Z. Kelley, labor........ 
eV Cremer, Nay“. ../. 2%, «'4\< 20.5 
. Wm. C. Cusick, plants....... 
. Samuel Raub, labor.......... 

IratGrover, labor... a... es se 3 


. Julia Z. Kelley, labor........ 


H. Wintlock, straw::.......:. 
. James Seamon, repairs ....... 
3 A CRs 8) ES 00) aa a Ne 
. Burns Bros, horse shoeing ... 
lara Aatover. IADOES os 4 ova shes 

Julia Z. Kelley, labor........ 
pC. Orcutt, SeeGs-...s = + 4 
. Reasoner Brothers, specimens . 
. samuel Raub, labor... °%....; -s 
. W. F. Humphrey, blank book. 
eM CROMIGEs” Haye wre he ore 
ira ‘Grover, labor: :.’...2,2 ae 
. dulia Z. ‘Kelley, labor ........- 
. E. McGillivray, photo plates. . 


‘os de Normand, ‘sclons, ....).<¢ 
. Peter Henderson & Co., seeds 
. Andrus & Church, stationery 


. J. M. Thorburn & Co., seeds.. 
» Ira Grover iaboneie airs... oie 


. Le dailey, stamps. ...5....... 
. DL. & W. R. R. Co., freight 


oe ef ee eeeveees 


ereeevreeevreves 


eeoveeeveeevese 


ceeeeeeer sees es 


oeeveeeeeeeee 


eoereoeveeoseeees 


eovrevrerseee reve 


eeeeereveeeeeee 


eoreceer re eeesee 
eee re reseoene 
peer eee eee oee 
i 
ereecsvreeeseee 
ey 
eee seer ereeee 
oor rere eeenece 
eoeereseeereee 
eee sees ee osee 
ee 
eee eee eee eeee 
Cr 


. R.N. Flint, repairs to typewriter 


esreeeeeeeee 


eeereceereeeeeee 
eeoeveecervree aes 


. Weaver, Palmer & Richmond, raffia 


eors eee eeeeee 


eeeeeeseveeeee 


sere reoeoereres 


38 


bo bo 


— bo 


1894. 
May, 1. IraGrover, labor,.<)5. ae-see Petite PS $37 00 
4. Julia Z. Kelloy, labor..cninin <> -be sehen 6 55 
9. Jacob McKinney, seed potatoes ...........-. 8 25 
Apr.. 26. M. F. Pierson, seed potatoes........... «-; 1 50 
May 12. J. M. Thorburn.&,Co,, needa oocyst porsiee 4 31 
29. Samuel. Wilsots GOGURs cis. ie nin a s/n renaina 1 80 
21..J. M.. Thorburnid& Co, seeds bac ones ae 1 58 
Ujine 1. Ira Grover, labons..qaiiieie icupe)-oe eeses 39 84 
May 4. E.G. Allen, subscription to periodicals...... 10 28 
June 12. E. G. Lodeman, copper sulphate.......... are 6 08 
May 28. Reasoner Brothers, plants...............+. 2 00 
supe. 18: FF. H. Bildebrand:. oats... c.05- soho Ee 45 61 
18. J. F; Moore, harness repairac oon 2s ee 75 
May 31. Reynolds & Lang, plough points........... 80 
June 1. Burns Bros., blacksmithing................ 12 05 
May 12. Barr Bros., clevis: hook... eos seep esta 20 
Jane 30 Ira Grover{ labors. 23 e60 eae ae ota 37 00 
Total for horticultural division..............e.00. $1,354 83 

For Entomological Division. 

1893. 
sity 16. Larkin Bros, oil harmo! o 7... cee eee ae $1 75 
14. J. Carbutt, photo platess. 0. 2c sce aeons 8 35 
a1. GG, W.Hemck lapor- ++.) see eee 12 45 
Aug. 5. Andrus & Church, stationery .............. 50 
19. Andrus & Church, stationery: <2. 2.2....2.. 2 79 
26. Bool Co:, brown ‘linen... 2k ee eee 1 92 
96. Rothschild’ Bros, muslin: osc ee ee ee 6 50 
23. E. McGillivray, photo plates............... 3 00 
Reps, 9. G. W. Herrick, labor. «Joico sce en 3 11 
18. E.-M, Hall, shade rollers] 5.2.00 beeen ee 5 00 
Oct. 7. M. V. Slingerland, microscope repairs....... 1 85 
9. Andrus & Church, stationery .............. 90 
8. W. J. Dommick, wire wore. <c eee 2 50 
18. Treman, King & Co., tarred paper ......... 10 
90. Andrus ‘@ Churel, paper... 720 eve eee 90 
$1. GW. Herrick: Inbor... 30.20 ee eee 3 04 
Nov. 11. National Express Co., expressage .......... 65 
13. Andrus & Church,'stationery .............. 1 90 
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1893. 


Feb. 


Jan. 


Apr. 


Mar. 


. Jas. Seamon, book shelves.. 
. Andrus & Church, stationery .............. 
. E. McGillivray, photo plates 


Treman, King & Co., nails . 


. M. V. Slingerland, paid expressage ......... 
. U.S. Express Co., expressage’.\./..0.% ss ceme 
. J. Carbutt, photo plates.... 
» Ge WW Herrick, labor... .'5. 


seers er es oeeeeee 


Jamieson & McKinney, plumbing .......... 


. A. B. Brooks, sundry chemicals............ 
. Bush & Dean, swiss....... 
. G. W. Herrick, labor...... 
. Treman, King & Co., sundry hardware..... 
. Andrus & Church, circulars. 
. Gould Manufacturing Co., pump repairs 
. Lehigh Valley Railroad Co., 


ceeoere eer eereeeeeen 


eeeeereeeeeeereee 


freighg jis: ciate 


National Express Co., expressage........... 


. James Seamon, book case... 
. Andrus & Church, ink..... 
. National Express Co., expressage........... 
7 HeCyome, KR. BR. :Co., freight. 7.25 aseneme 
. Andrus & Church, shipping tags........... 
. G2 Wieierrick, labor ...... 
. N. Y. Engraving and Printing Co., plate. . 
. Metropolitan Telephone and 


PEISOHONES......2..-000; 


. White & Burdick, chemicals 
. Hammond & Willard, trees. 
Gow, Herrick, labor...... 
. D. B. Stewart & Co., kerosene oil 
. Field Force Pump Co., pump 
. M. V. Slingerland, traveling expenses 
. Larkin Bros., mucilage..... 
. U.S. Department of Agriculture, index cards. 
. Jas. Seamon, shelves....... 
. Treman, King & Co., sundry hardware 
. G. W. Herrick, labor ...... 


eoreeer reer eeseees 


Telegraph Co., 9 


eee ee eevee see eens 


eee e ee eee ee sees 
see eee 
coe ere em eres eeee 


@ 0 8" 0 6) (0.0) ee whe em epe 


$1 


11 


~T 


aM 


yw © 
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1894. 

Apr. 38. Treman, King & Co., sundry hardware...... 
14, C..T.Stephengseprinkler ian 2 ak Be 
20. M. V. Slingerland, traveling expenses...... 
94. Rothschild Brosyitarletam 00.07. 60066. .5 6. 
May 3. Rothschild Bros) muslin ieee Ae 
4, Andrus & Church, stationery .............. 
3. Treman, King & Co., sundry hardware...... 
1. Jas. Seamon, apparatis <.::i-vors. sem ewes 
13. M. V. Slingerland, paid for postal cards.... 
14. Andrus & Church; printings 30 506..06 6s 48 
19. M. V. Slingerland, traveling expenses...... 
June 11. U.S. Dept. of Agr., index cards'......... ‘ 
May 26. E. McGillivray, photo plates .............. 
June 6. Andrus & Church, stationery .............. 
CU Aer! Dept, labors: 2) aoe 
Total for entomological division.................. 

For Botanical Division. 
Nov. 1. \Marsaret Carey, labor, o.cesk area eee 
Hnz.& ‘Miller; stationery”... 2.0. - esa re 
J.B. McAllister, culture material.......... 
Larkin’ Bros,, culture, material. cus 
Dec. 1. Franklin Phonographic Institute, stationery . 
mov. 30. KH, McGillivray, cameta .....40 ecm nee ot 
22. Bausch & Lomb Optical Co., microscope lens. 
Dec. 2. Postmaster; stamps: «4 is $1, seite te ae eee 
9. WEE Keller; labor’ 5. oc ceee ane eee 
21. EK. McGillivray, photo material............. 
1. Eimer & Amend, apparatus................ 
sate? |? 9... Wi. Es, Keller, labors nee tian eee 
13. Jamieson & McKinney, plumbing .......... 
Web; | °}e) Chas; Scriber & Sons; books) 2. 495 oe 
Gustav E. Stechert, books ................- 
a SW. -B Biitten: labor jac. see aoe ee 


5. J. B. McAllister, culture material 


. Jamieson & McKinney, plumbing 


ee ee eee wae 


Bool Go... titting dia sd Aigisten so eter 
Jamieson & McKinney, plumbing .......... 
Bausch & Lomb Optical Co., microscope 

EGHOU ES ly novia 2. Varuna e Semper a ye aay 


- $308 


40 


51 
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1894. 
Feb. 6. Eimer & Amend, apparatus............+.++ 3 10. 
7. E. Leitz, micro-photographic apparatus...... 26 00 
Eimer & Amend, test tubes.....,...... i tae 8 19 
5. C. J. Rumsey & Co., sundry hardware...... 2 90 
Frost & Adams, apparatus .........+..000 5 25 
10. White & Burdick, sundry chemicals ........ 13 10 
18. Eimer & Amend, test tubes................ 22 40 
Mar., 10. K, Robie, labor .. ....«.;.. ses. s0/ticyeuelene ee ene 1 13 
98. Bertha Stoneman,.labor :4. .3\s.::en eee 15 90 
29. Barr Bros., sundry hardware. . ..::. 7). 41 
9. Enz & Miller, paper«.../:.\.....ciiscn vielen 11 20 
Apr. 3. Blackman Bros., culture material............ 60 
1. G. F, Atkinson, apparatus... 2... )seeeeeele 98 
Total for botanical division’. :: 1." 022.) $433 77 
1894. For Chemical Division. 
July 1. C. U. Chemical Dept., gas consumed........ $42 88 
Aug. 4. National Express Co., expressage........... 40 
7. White & Burdick, ether........ 22. cee ee P 85_ 
Sept. 1. White & Burdick, ether..............000+% 85 
Aug. ~3. Emil Greiner, glassware: .........) seen 15 00 
Nov. 20. National Express Co., expressage........... 40 
Oct. 23. Treman, King & Co., hardware............ 40 
Noy. 16. Himer & Amend, apparatus............,0ne 17 06 
1894, 
Jan.) ls.Jas. Seanion, repairs:;....:.....0 Sone 45 
207 C. & N. R. RB. Co., freight, .y..2 eee 9 56 
23. Dr. N. Gerber’s Molkerei, apparatus ........ 22 00 
Emil Greiner, apparatus........ 22. aaeeanee 29 90 
Total ‘for chemical division : ..... :,.,....s,.0ea eee *  @lseee 
1893. For Columbian Exposition. 
July 11. Andrus & Church, card board ............. $4 50 
1894. 
Feb. 5. Lehigh Valley R. R. Co, freight terminal 
GUATROR sie eh ace a 2 00 
May 21. B. F. White, making photographs.......... 5 00 
Total for Columbian Exposition... 4: eee |, 


I. P. ROBERTS, 


Director, 


INDEX OF ILLUSTRATIONS. 


Diagram showing use of tool 


Ce | 
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raat Is al bOC a Vellist <srsyo: de ajousneve isiops cis heyede La eee Cerse.su8s 74 
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